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This application 1~ a continuation in part or 
application Se.rial No, 793,980^ filed Novamber 1, 
19SSy tne contents of which are herein fully incor- 
porated hf tet^XBncB, 

l"his invention relates to reco;-^>biriant DNA methods 
of preparing iaaauaoglofoalinsj, aenetic sequences coding 
therefor, && well as methoas of obtaining such se- 
quences. 



The ai^licatiori ot celi-torosll fjisioh for the 
Pmmictx<in of ai<jho«lohal ajitibodies by mhle^ md mi- 
stein i mtuzB ILoMon) . Mi? Xf?S) has spa^eS a 

rewI;«tioa in Molof^ mml m Imp&ct to the invent 
tion of recombinant pm cioijing, H:^)3ria45jna'^pro4ucea 
monoclonal mti^Mm already widely usea in clin- 



la- 
ical diagnoses and basic scientific; studies. Applica- 
tions ot human B cell hybridoaia-p reduced monoclonal 
antibodies hold great promise for the clinical tt^'at- 
morst of cancer, -viral and microbial infsctxoaSf B ceil 
imjnunodef iciencles with diuilnished antibody produc 
tion, and other diseases and disorders of the iin■^^^lne 
system. 

Unf ortun-cttely , yields of monocionsl antibodies 
from hm^aiv, hybridonia cell lines are relativeij'- low (1 
ug/ffii ift human >: humax'i compared to IQO ug/sil in mouse 
hybridomas), and production costs are high for anti-^ 
bodies made in large scale human tissue culture. 
Mouse X mouse hybridomas^ on the oth®r hand^ ar® use- 
ful because .they produce abundant amounts o£ proteinj, 
aM these csli lines are more stable^ tha« the htsmaa 
lines. However i repeated injections of "foreign* ariti- 
bodies f such as a s$o«ae antibody, in hiamans^ ca» lead 
to harmful hypersensitivity reactions. 

There has therefore been recent exploration of the 
possibility of producing antibodies ha\?ing the advan- 
tages of moaoolonals frosj moaes'^mouse hybridoaias> yet 
the species speclfie properties of hussan jnoaocIonaX 
antibodies* 

Another probleja faced by ismtisuoXogists is tfeat 
siost hijman monoclonal antibodies <i.e»> antibodies 
having buisan recognition properties) obtained in ceil 
culture are of the IgM type. When it is desirable to 
obtain hujsati monoclonals of the IgG type? howev^^sr, it 
h&:i been necessary to use such techniques as cell 
ssorting, to separate th?- t^--* c-3lls; which have swi^^^hed 
to producing antibodies of the IgG or other type £rom 
the (majority producing antibodies of the IgM. type, h 



need therefore eKists for a more ready jaethod of 
switching antibody classes, for any gix?en antibody of 
a pred^teriained or desired antigenic specificity. 

The present intrention bridges tooth the bybridoma 
and monoclona,! antibody technologies and provides a 
quids-. aM efficient method^ as weil as products de- 
rived; therBfrom, for th& isaprowd production of cHi-- 
jRericvhuman/aon'-hmsaa antibodies ^ or of "class switch-^ 
ed" antibodies* 

im^RM?^TrO?l DISCLOSURE STAmMSNT* 
Approaches to the problem of producing chimeric 
antibodies have been published by various authors, 

Morrison ^ S, L> et Froc> ]^afcl j,_...M^d.j, Sci,;^^^^ 

USA, SI; 5Nov®t?^bsr 1984^, describe the pro- 

duction of a isouse-nu-san antibody rj\ciecule of defined 
an-cigen binding specificity^ produced by joining t^ie 
variable region genes of a ssoxse antibody -prodjcing 
av/eloma ceil line with known &nciQ-3n binding spssci^ 
cicity to human. isTm^anoglobuXi-n constant region genes 
using recoiubinanr DNA techniques, Chin^eric genes were 
oonstructedy wherein the heavy chain variable region 
exon from the myeloma cell lifte Si07 well joined to 
human igQl ©r lgQ2 heavy chain constant region axons ^ 
and tha light chain variable region exon from the same 
myeloma to the huiaant kappa light chain sxon. These 
genes were transfected into raouse myeloma c&Il linos 



* Motes The present '5'nf orisafcion Di.~;closure Statea-ent 
is sabject to the prov3,sions of 37 CxF,R. 1,9? Cb5, In 
addition. Applicants reserve the right to oemons;;ra*:«» 
uhat their invention was made prior to any one or r^ore 
of the mentioned publications. 



an.d, Tran:s£or;ned cells pronMcinq chimeric mouse-humsiS 
arxtiphosphochollne antlbodi'^ss were thus developedv 

Morrison, L. sil*f European Patent Publica- 
tion t^o. 1734S4 (pvibiished March 5, 1986), alscloso 
chiir>erac '^receptors" (e,g, artifcofils- ) having variable 
reglo-fss derived froja one species and constant regions 
derived from another* M««tion is 5sad<a of utilisiing 
cDHA cloning to construct the genes ^ although no de- 
tails of eD??a cloning or priming are shown. (se^ pp 
7 ana Sj, 

Boailanne, a* et al^, Igature r 312? S43 (D^cm« 
ber 13, 1SS4), also proa«rc«d autibodies consisting oS 
mm& m^i&ble regions joined to li«man constant re- 
gions, Thsy constructed isssisirsoglobulia gsnes In which 
the D|?S. segments encoding isowse variable regions spe- 
cific for the hapfcers trinit^eopto^l tmF) wsr® :^oined 
to segments encoding human m and kappa constant re- 
gions. These ehisieric gsnes were expressed func- 
tional TSJF bindiftg chimeric XgM. 

For a coRusentary on the work of Boulianne ®t aU 
and Morrison et al^, see Munro, Nature, 312s 597 
(December 13 ^ 1984) ^ DicKson^ Genetic Sngineerinff 
Bewa , 5_f, !4o. 3 (Marcn 1985 5, or M&rx, 3cie nc^; a29; 
455 (Augusc 19S3), 

?«eutasrger, yi. S. et al., Hature, 314; 253 (March 
2?, 1985;, --^Iso constructed a chisi-^ric heavy chain 
iirvTiunoglobulia gene in which dt DH?i segment: er.codirsa a 
jsoase variable region specific for tha naptsn 
droxy-S-nitrophenacstyl was joined to a segment 

encoding the human egsj^lon region. When ch^-s chimei ^.c 
gene .^as transfected into the JS58L cell line^ an 
antibody w^as produced which bound to the m hapten and 
bad hasnan IgE properties. 



seuberger, M.S. et aU, bave als. oucli-i-a .-^r. 
showing thfe prepa atioi of cell Hp^^ t -cr 
baptes-specifxc antibodies in ten l^or. >dc 

he^n r^plac^a either witb ar actixc en. -no - i 

or wtb a poljrpetJt i^^pUv c~myc a tigesic 

sisia^rger. M cj J,., ^^^^ <^«^ Sf ^ 3 , 

CpubUslea March 13, l^^o^ ^-.^ ^ ^.i d -ti n ... 

cfeimric antibodies o 5 .rd ^i.^aes- ^r., 

technique's tt. u£ - tij 'O - ot '^c.-^ '^^ ^^r-' 
{ se« R . 6 ) , 

171 4^6 (•^:-> ^^^^ F.^^ ^ ? -^^^-^i^^ 

eduction c^i'. - - ^ ^ nq tab.e i^-- 

g.or ^ in t ^ 5 v<*a f om exparimen- 

td^ =^r T> ^ P 3 ..->f s - ro<jf o i. aorxved tram bumaft. 
h . )r^^ j>i-ii - ^nd I ght cbaia ge^^ea are pro- 
ajc*.a i-- tn- OT^c :oiJf. a> 1 e sad xn masMalian 

""^^^-l^^aa, S, at al:,. ^^atu^^> 314i 43. (April 4, 
^ag-) h«^a described a potential tsietbod for the con- 
struct ot ot cbitaeric xxmuhoglobnlin aene«5 «Mch liav-e 
xntron sequences* removed by the use of a retrovnra& 
wctor. How^ve-. aft unexpected aplice donor site 
-^u t.. leie on of the V -egio; leader sequence* 

^ M^pro^ch did nor yield oo plate ch mrtc 
antlbod:^ moleculas. 

C billjTr at alj,. grqc___Jatl^\ca^_ _ ~ _jr . 
8ls CJU e 1984 de'^-r ^ s i ^ - - 

reot the syntb^sis in coU '"^ ' ^ ' v m ut 
li^nt cb ma of ahti~c. rc-ro-tirsr.onxc -'^i ^ 



antibody. Another plasjaid was cos^structed for expres- 
sion of a tnar.Cv^ted foria or heavy chain CX-^d') fragment 
-'^'^ ^ SSiA* Functional CSiVbinding activity --^as ob- 
taineil fey in v i t r o reconatitution^ in coli 
extracts,, o£ a portion of th© chain with light 

CabtlXr* S, ^ tt_M*' European Patent S-ablication 
I25-i523. (gxublishea ISfo'^rejafeer X4, X984) a^sciribes chimer- 
ic immunasrlobuiin genss and their prssujaptivs products 
as well as otbsr niodlfi«a forms. On pagsgs 28 and 
33 it discusses amh cfloaing and priming. 

Boss, M, A., Burbpeaii Patent ^pplicatiors 120 
{pijfeiished October 3, 1384) shows exprassion in 
coli of nos-chimeric Isuaunoglobulin chaias with 4™ 
nitrog^henyl specif lei tyv $hers ia a broad deacrip-^ 
tiosi of chimeric antiboaies but no details (see p, 9K 

WQoa> G. et al^^ Mature, 314s 446 (April, 198S) 
describe: plasmids that direct tha s?fntheai^s o£ mouse 
anti»WS^ antibody proteins in yeast. Hea^ chain ^ 
antibody proteins appeared to be glycosylated in the 
yeast cells. When both heavy and light chains w«re 
synthsisixed in the same cell, some of the protein was 
assembled iato functional antibody jnolecules, as de- 
tected by anti~N? binding activity in soluble protein 
prepared from yeast cells » 

Alexander, A, et al, , ?roc » t , Acad > Scl . USA , 

79; 3260-3264 (I9S2), describe the preparation o£ a 
cDHA sc=quence coding for an abnorj«ally ehort han-^an Xg 
<ja::Xinva heavy chain (OMM 'Jl^rE.l"^ serna> protein) con- 

taming a 19~ amino acid leadec followed by the first. 
15 residues ot the V region. An ^xtaasive interrtal 
deletion removes the restisindet of rne V and the entit'e 
Cjjl doiuain. This is cDNA coding for an internally 
deleted molecule. 



Dolbj. f . W» et al^, Proc. Hatl. Acad, Sci,^,_gSA, 
77s 6027-6031 {1980 >^ describe the preparation of a 
cDHA sequence and recombinant plasmld® containing the 
same coding for ma and kappa hussan Imanoglobalin 
polypeptides. One o£ the recossbisast siol^oales 
contaioed oodorss for part of the CH3 constant region 
domain aT5d the entire 3 « noncoding sequence* 

Seno, H,. et a3L , Htscleic Acids Research. U; 719^ 
726 a383K describe the preparation of a cDHA se- 
qaence and reccsabinant plasatide containing the sai^e 
coding for part of the variable region and ail of the 
constant region of tbe humn XgB heavy chain {epsilon 
chain) « 

Kutrokawa, T. aU, ibid, 11; SOTT-'SOSS (1383)* 
show th<A con>5truction^ using cDHA, of threes expression 
plasmids coding for the constant portion o£ the huajan 
IqE heavy chain. 

Liu, T. .?t al,., Proc, Nd::, Acad. Sci,. JJSA. 81; 
5369-5373 (September 1984 5., describe the preparation 
of a cDSA sequence and recoaiblnaftt p.las;nid^5 containing 
the same encoding about, two-thirds or the CH-,.. and all 
of the C,v3 and C^A dosaains of huiaan IgS h>?avy chain. 

Tssujimoto, Y. et al^, Mffieic &ci<jg__jg_s^ , 12s 
$407-8414 (tsio-^emiser 1984), describe the preparat:ton of 
a hsmsan y lambda cDNA sequence from an Ic? laTnbda-pro-- 
dicing huTsan BurJcitt lymphoma cell line, by taking 
advantage of a cloned constant region gene as a primer 
lor mm synthesis. 

Marphy, J., ^CT Publication m $3/03971 (published 
Hovember 24? 19S3) discloses hybrid proteins made of 
fragments comprising a tOKin and a cell -specific 11- 
gend Cwhich is suggested as possibly being an anti- 
body!. 



^arj, J* Immunol > 135jS364 (November ^ 

ISSS}* obtained esspression of a chimeric h-oman-maas® 
is«s5unogl©buli» genomic g«ne after transtection into 
siouse mysloisa oeXis. 

Jones. T, ^ et al,, Nature 32Xs552 (May 1986) 
constructed and sxprssse;3 a genojsic construct where 
CDR' domains of variable regions froja a mouse isono- 
clonaC- a-ntifoody were to substitute for the cor- 

rsspondincT domains in a human, antibodv'x. 

Sun, L.K.y H ybridcpa 3 su g r pl . 1 SI 7 

{19>?6)/ describes -a chi-neric hiiT^an/mouse snt-lDody with 
potential tuxnor specitict,y. The chisa^ric heavy and 
light chain genes are genoTt^ic constructs snd expressed 
la mamssalian ceils, 

Sahsgan at a.U -I* . ... I^^gjun ♦ X37;1066~1074 (August 
1986} describe a chimeric antibody witn specificity to 
a htman tusaor associated anticfen, the genes for which 
are assembled from genomic sequences. 

For a recent review of the fieM see also Morri- 
son, Science 229? 1202-1207 (Septsasber 20;^ 1985) 
and Oi, ?, T. , et^, , BloTechnlques 4;214 (19865. 

^he Oif et . ;a.X « paper is relewnt as Ifc argues 
that the production of chimeric antibodies froTts cDNA 
constructs in yeast and/or bacteria is not necessarily 
advan tageons ♦ 

See also Ccmtentary on page 835 in Biote^hg^QlQg^ ^ 

The invention provides a novel approach for pro- 
ducing genaiTically engineered antibodies of desired 
variabl? r-5gloa specificity and constant r^?gion pro- 
perties thro>agh gene clcning and expression of light 
snd heavy chsins, The cloned imnianoglobulin gene pro~ 
•incts can be prod^:iced by eijpreesion in genetically 
engineered organisms. 



The application of ehessicai Qem synthoesis, recojs- 
binaat mh clotsxng, and production of specific immuao- 
globulin obaitx^^ in various organisms provides >sn ^f" 
f active solution for th^ efficient largs scale oro- 
dictirn .ronan jsonoclonal antibodies w^tii the anti- 
c?*=^n <>r€ "-c.ties o£ either hisman or non-hio^n^ espa- 
-i^liy tol^it., ^onoclcnai artibodies» The xnv&«tion 
also a sclation tv^ the problem of class 

<^^'^l^hi.^^ anTxbcd{ molecalsss, so as to reaailsf prepare 
xTw.o-'Iob.l.n^, cf a certain binding specificity of 
any given class. 

i.?ni-!cgloo„dti vjh^m^ cptiprisinq a cot »t^nt bujran 
regior arc a ■< ar_:3,D^» ^ oxthor ^unaa or 'lor-'iUTo,' ^ 

or liQnt. 

The cv<5ii*on -2 -?o' l3S qeas b^q r^o- uo>:iiiq 
for I'lTsuroalobul^Ln ^ i > c ^njcr ^xr-^ - ^.TN^i .a::~-iDj,e 
re9\oi oi: tithes: haTa. * o >o -h^ncit v. "I'jii aoi q^^no- 
atic constant regies or husian origin. 

The invention ^xlso provides s^qucf ce^ %s =»i?ovOf 
present in recombinant mh molecules^ especially in 
^ishicles such as plassai^a vectors ^ capable cf axpres" 
sion m de^xresj prokaryotic or eulsaryotic hosts. 

fha invention al^o provides consensus s$>3uences 
and specific oligontjcleotide sequences useful as 
probes for hybridisation and priming cDNA synthesis of 
any Iiybridoisa mm coaing for variable regions or any 
desired specificity. 

t'be invention provides hosts capable of producing, 
by culture, chi^^eric antibodies and methods of asinq 
tnese hosas. 
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Th^j invention also provides chimeric iimnanooloba" 
lin individual chains and whole assembled s-solacule-- 
having harnan cortstant regions aad s^ion-hurian vsric^blu^ 
regions f wherein both variable r^giona have the same 
binding specificity* 

Mnong otiier ifiastunoglofoalin chains and/or ssoXecules 
pro3!?ldsa2i t^m invention are« 

im) ^ complete f uactloastl, ij8!s?$ft<3giob«lin isole- 
milsef compr ising s 
iij two i<ae»tieal chimeric bea^y chains com^ 
prising a noa-honian. variable region and 
humaa cossta«t region 
(li) two Identical all tl.e, non»chiaieric ) 
human light eJiains, 
Cb) a complete^ functional, isunuaoglobiaXin mole- 
cule coispri sings 
<i> two identical chimeric feaa'^y chains com- 
prising a non»hwasan variable region and 
a hBJsan constant region, and 
Cii> two identical all {i.e. non-chimerlc) 
non-human light chains. 
CcJ 3 iTvonovalent ancibodv, i.e., a cc-fsplete^ 
faactlonal irnmunogXobul in ;t5olecu:e cos^pris- 

(i) two identical chisneric heavy chains con}-- 
prl.~lng a non-huraan variable region and 
a human constant region., and 
Cii) two different light chains, only one ot 
which has the fsan^e specXiTieity as the 
variable region of th^' i<e-^vy chains, 
Th^^ resulting antibody molecule binda 
only to one ^nd thereof and is tfeerefora 
incapable of di'ffal'snt binding? 
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id) aft antibody ^ith two different specificities, 
a complete^ functional inimunogXobiilin 
ssjolecule comprisings 
(i) two different obija^rlc heavy chalna, the 
first on« ot which comprises a non-husaan 
mriable region and a human constant 
region and the second comprises a dif- 
ferent non-feiiman variable r^sgion, and a 
hiMan constant region* and 
{ii) two different chimeric light chains, the 
first one of which comprises a non-hioman 
variable region having the yi;r.a specifi- 
city as the first heavy chain variafoia 
region, and a haman. constant region, and 
tha s-scond comprises a non^humar. varia~ 
ble region having the i?aK!s apecificity 
as the secor^d neavy chain variable 
region, and a hus^^an constant region, 
Th<i? x'e.-suitlng antiboSy xnolecQle binds two 
different antigens, 
Senetic ssqaences, espsciaily cDSA ssqua.Tces, cod- 
ing ror the aforementioned combinations of chiiTieric 
chains or of json^chisneric chains ara also provided 
herein, 

*Jhe invention also provides for a genetic se- 
quence ^ especially a ctMh sequence, coding for tha 
variable region of an antibody molecule heavy arsd/or 
light chain^ operably linked to a sequence coding for 
a polypeptide different than an itsmunoglobulin chain 
Ce»g., an en^ytne). These sequences can be assembled 
by th^ isethods of the in's?ention> and expreased to 
yield mixed~f anetion molecules. 
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The use of cD^■^A sequences is p^^rtlcalarly as^van- 
tageous over genossic sequences (which contain 
introBS), in th&t cTMh seqasnc^s can foa expressed in 
bacteria or otfeer hosts which lack splicing sys- 

moxi^ j^refarr^a specific satibodi^s ^re those 
h&5?xa^ specificities t<3 caacer-reiated antifetss, 

BRISSF SESCRIgTIQN OF TSS S^ISgRES 
FIGUEB 1 aho^s the mA rea jrrangemesits a ad the a^S'* 
|>ression of imj»iiaogiobuiiii igu ^as^a heavy chain 

gen^s. This is a schematic representation oi the 
humaa heav;^ chain gene cf>m^lex, Bct shown to scale* 
Hea^?y chaift variafol® V regioa formation occiars through 
the Joialag of V^^, D an<3 gene segsieuts. This ga«^ 
erat@s an acti^a gen®. A different kisid of Dm 
rearrangement called "class switching" relocates the 
joined D and sj^ region from the mu constant c 

region to another heavy chain C region (switching to 
■^a-rma i.j aianrartur»ed here). The scheme ejsphasises that 
the J r<jgion is a con^non featare of alX ejtpressed 
heavy chain genes. The J region is also a corsmon 
gesture of expressed iiaht chain gens3, 

X'TG-JKE 2 shows the known nu;rieoci-;;e s-f^quencee ot 
hUiT.an and mouse J regions, Conisen^jcs sequences for 
the .J regions are shown belov uhe ac-uai seajences. 
The oligonucleotide sequence helow the inouse kago^^ J 
region consensus sequence is a Universal ImmuncglGba^ 
lin <3ene miQ) oligcnucleotide which is used in the 
present invention. 



FXGOEE 3 shows a scheiae noting th« us^ o£ the UIG 
oligonucleotiae primer for tb^ synthesis of cD?IA com- 
plarssntary to th-^ variable region of isjsiunoglobulia 
rsessenger K^l^, cr tne use o£ oligo-dT as a primer for 
cDt^A synthsisi^, foilowasj by Irj vitro mutagenesis, 

FIGURE 4 shows the synthesis and arxalysis of huraan 
IgQi genes, including uhr^c isolsted clones (A,;:-), on--? 
of which {p-GMH-d) i3 u^wiiized a cloning vocroc <'B). 
A iv5 kt> d-il--;tlon ci w<SR322 seqs:-»nc5? betwe-in go r EI 
snfi PvuXI IS :narkei, No- to -.-.ilCx 

FlOuRE 5 show^5 the clonincr vector pC'23j. d raoJiiied 
useful tor cDNA cloning d:: the Kpnl -site. Tn^is 
vecsor also contains the useful r-estricticn ensyme 
^Xk'^^ P^'^s Sall> Not to senile, 

FIGURE 6 shows in A. the s.ynth.?sis ani arsalysis of 
hvsisan light chain ka|?pa genes-, rtf- Figaro .-\l$o shovs 



cloning vsotosr pXSfGaoOI. 

FXSUaE 7 shows primers de^ignea for imraunoglobxilin 
V region synthesis ♦ ih) shows the heavy chain J-c 
regions and ptimv^^ A Dm versioh of ^aoh mouse J 
heavy region is shown airectlj above primers designed 
from that sentience, MonBe J regions are S' to 3 *, 
left to right, while pskm^rm are 3' to S\ l^tt to 
right. Primer nam^s are inclttaed in braoket^v and 
numbers of n?scIsotides CH) and nuiaber at mismatches 
w^ith each Jg region are listed to the right. Primers 
which introauce a BstBlX site are underlinsd. CBj 
shows the light chain J regions and priisers. The same 
-as for (A) except for light chains, Primers designed 
t-',> introduc-3 a Bglll site are underlined^ as is the 
Sell site present iti pI?3<520l6S. ic) shows mouse vari- 
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able region conseasus UIG pjriT;ars, The actual prim«r 
sequence is sbown belov? that cons'snsus s-gqusac«» The 
human Cjy Hindi XI vector pGMLoO Is shown below, CO} 
shews a aiouse gasrmva 2a J/C juncclon priTner. 

FISUKE 8 shows the synthesis of heavy chain V 
r^fiaa ssodule geaes using oligonucleotide primed cDMA 
as^atl^esr^. Hot to scale. 

SSEGGKSI 9 ^hmB th& construction of feybrM mouas- 
hsasan iismmaglob^jlia genes. Paa^l & shows coastruc- 
txors of * U&m^ chain gena. Stippled regions show G 
region modules r wbils hatched or black regions show ¥ 
iregioa modules * Hot to scale* 

f IGORS 10 shows the construction of QtMh cloniag- 
expression shuttle vectors for masusaiian cells* the 
^factors pfHG2003 and pI1S<32CS03B are derived from pi,!, 
p0C12# pav2-neo and M6-aXphaEXia. Stippled regions 
indicate moase heavy chain enl^ancer Wht hatched 
regions indicate SV'"40 DM irom pl*l^ and croesr^hafcched 
regions indicate SV-40 mk frots pS¥2~neo. In the vec- 
tors pimionz and PING2C03E, thick lines represent 
pSR322 DMA from pSV2~nBOf while thin liaos repx'esent 
paci2 DHA. Arrows indicate the locations ana direc- 
tions of Sv-40 early regicn promoters^ and indicates 
a coraplete SV-^SO intron sequence » Hot to scale. 

FISUHE 11 shows the constr'v3ction of the heavy 
chain eKpression plasmid pXNG2006E, Arrows show SV-40 
promoter locations and directions of transcription. 
Hatched and black areas show trtouse V rsi-aion modules, 
while stippled areas show haiuaoi C region modules. Not 
to scale. 
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FIGUES 12 shows the structure of the chimeric 
anti-hepatitis heav/ chain gsnes iti th& expression 
plasmia:^ pI?30aOO6S and pXT3G2012B. Panel & shows the 
structure of mouse-human chimeric anti-hepatitis heav-y 
chain genes. the ^trudture of htnaan Ig<31 ssR??!^ and 
CDMA is- shows in Axa, The human heavF chain constant 
region-i f^DWA clone pGMH-6 and th© mouse heavy chain 
variable, region cSSjH clones pBS13»l and pJ3-lX vs^sra 
usea to snake th^ hyJjrid fene used in pX?3<32006S, Harcb- 
ea gene Mocfes inaicate moiis© variable region 
sequences f while open gene blocks shov? human IgGl con- 
stant region sequences. Panel B shows the nucleotide 
sequence of the anti-hepati ti« B heavy chain variable 
region in pING20QoE and pINGaoiSE. pX^iG20l2S was con- 
structed by first inserting a BclXX site at the Sail 
sice of pISGl202 (See Figure 16) to form 
pTHGl2Q2B9lII. The chi^^eric heavy chain u^ene froiti 
this plasraid iaserted into the e;<pre3sion vector 

pri^G2003E, r-snltlng in pING20i2B, pXHG2012S differs 
from pIKG 2006E in the region isaaediately apstraam of 
the initiator f^tcS* Underlined nucleotides denote human 
J recjion sequences froja th« cOm clone pGMH-6. Ast;e~ 
risked amino acid 117 indicates a single change at 
tMs site from rtsouse to hosian saquence ClM^a to Serl 
introdiiced in the chiisatic gene J refion. Sequencing 
was by the Sanger method on plasiaid Copen circle) and 
M13 Celosea cisrcle) tessplates* 

FXGURS 13 shows in panel A the J-C j\inction region 
nucleotiae sequence in light chain clones derived from 
PXHG3001 pING2013B. pimZmiZ, pING2010B~gpt 

and pXls5G2014H-gptK The J region sequence originat- 
ing from pKa-3 is siarked human JK4. The Q nucleotide 
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not prediCwed by genomic se-:iue:vcirou is uar^cc-ci with an 
asterisk* The- oligonuciaotide printer {K2~43CLI) used 
to modify this sequence is showr, below the h^^njan JK4 
seguencfs* Panel B diagrams the method of site--direct" 
e^d- mutageRs^i^ used to malce pINQSOiSl-^gpti Hot to 
s-ca-re,. 

FICSURK 14 Gene copy nasaber of the transfected 
qaeiHcssB in two transformnts. nimA from 2AE9f 2SHiG 
war®^ <S:gestsd v?ith th-s ea^ymes indicated. The coac-^n- 
tration of mh is titrated €owa across the lanes with 
th^ aJaount indioafc<$d afoov^ thsst. The probe ooat&ins 
htsmaa C gasasa X saguences <psivHc24 A ^ a l^ ^g HI } , The 
rsferetjce is gsrm-lis® or aDNa digested with 

^£§1. The 3* A |}.al slta is 3 bp beyond fch® site of 
polytAJ addition (3)* 

FIGURE 15 shows the nucleotide segue»ee of the V 
region of the Xf€ esm clone pHS-Sav ^ISie sequence 
m&B determined by the dideose^tsrmi&ation. method using 
Ml 3 subclones of gene fragments Csi)owB bolow). Open 
oircies denote amino aoid residues confirmed by pep~ 
tide sequence, A sequence homologous to D^^s ii^ the 
CM 3 region Is underlined. 

FIGURE IS shows the nucleotide segi.t'sr.c-L> of the V 
region of tbe I»6 cDm clone pL3~iaa. The oligonu- 
cleo!:i-5c prijner used for site-directed lautaaeriesis is 
^^howr;; below the CyZ- Open circles denote 

amii^o acid residues coniiirniod by peptide sequeace. 

FIGURE 17 Shows the construction of chiaieric i-S-V,, 
plus human C gaiixcna I escpression plasnsidSx Panel (a> 
shows the sequences of the Bi^L-~31 deletion clones 
HI 3Ttspl9~Cl "delta 4 (Cl~delfca 4> and Hi 3fiipl9-Cl -delta 
ai(Cl" delta 21), 1?he 5* end of the cDm clone. 



pH3-6a, is denoted with an arrow. M13 sequen-os ^re 
i$nd«rXin®a. The oligorsucieotide primer used for this 
experijtient is H3-6a (5*- «3ACTGCACCMC1?8S-3 M , which 
primes in FRl nea^r the mature 13 terminus. Panel (b) 
shows the strategy for site-directea mutagenesis of 1 
ug of clones Cl-delta 4 and Cl'-delta 21, each annealed 
to 20 ng oi the 3X-mer oligonucleotide Maa2-Apal, 
Compleiaent^ry strand synthesis with the Elenov? frag- 
ment of t>m poiysiexase was at room tes5pe.ratnre for 30 
min, then IS^C for 72 hours, Tranefected phage 
plaques were adsorbed to nitrocellulose^ fixed with 
naOn, and hybridized to ^^^-XabeXlsd MJH2~Apal oligo- 
nucleotide at ^5^c, 18 hours, in 4xtBS CO.g M SfaCX, 
0*04 M Tris~HCl CpH 7,4U 0,004 H EDTA) plus 10% dex-- 
tr^r sulfato. Final vsiSh of the filters was at 65*C, 
C.l^ SDS for 15 n-^n, (Maniatis, T., et al. . 

^^altCil?. - CI s.fii A .ifafooratorx Jlanual , 1982), Posi» 

tive plaques were detected by overnight exposurs" to 
KcaaK X\R and v*«r*» dir<* r-ly picked for growth 

=3nd re-'^'-rtctic ^ en;:^"^.^ ai-/^^- .f r%A. ^U$^-^t;ohas 
or the MJb2~Apo,I oliaraur s --^t ; -^o tc t;5e ""ca^se C,^l are 
d«arirt«d ttsaltmi^' xr tne cod^'^g c'lar^^oc shewn be*ow 
tie o"lx9-'>raoi:>otiae, Pa"»l *;aows ^a^- ^tr^^t^ay c" 

plasir,i,a pl\G2C12 to ge'T.er^te pTNoaill an; pXXG2^i-:. 

F'IGURB 18 ^iwws Che constr-actaoa cC tna chmerxc 
X*6 esspression plasaiid pXN<3211^, The Sail t:; B^^rsiHl 
fragment from pXI?GaiOO is identical to the T to 
BaiSX 1^ fragsaent from pIS3S2012B, 

FIGURE 19 shoves the itiodiSicatloa o£ the V.^ go-c 
<^ni3 its use in constructing light chairs and heavy plus 
light chain esjpression plasTSsidSi 
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Dclotxor. ot th^ oli^o dlGC^ segrftont 5* of 
L^'j* T.'s.-^ oil ^c^'saoleot.idis is a 32~5r.?»t and oonta::,n;5 a 

tci^nl to t'rus hujTia.x-i C K -Todule. 'She expression g>lasnii<S 
thus rjr.\->ed io» pI>IS2il3« 

(b5 p:N<32Ii4, a heav/ po.Ui5 light cbaln ^.xpresslrn 
piasjfidv. The expression pia;^isia pIN;G21l ' cortJ^ins^ the 
L6 hj?avy cnam chineric qene frotrs j^TNG^lI!]; and t.he 
chxir.eric Ixga- chain frc^ pIXQIill*^ (rs<5l5 lxn'=''', 

FIGIBS SO shQW£^ a sumnary of t^^-^ «c>c<. > ic -^.'dera- 
tions made in the construction ot the La chineric 
antlisody «3«pr®ssion piasimids, Residues und^^rlirt^d in 
tne S' untranslated region are derived from the cloaed 
mouse kappa and haav:^- cMin genes. Besidues ci reined 
in the WQ boandary result from mutagenesis operatiorse 
to m^lnmr r&Bttictmn^mfme sites in this region. 
Residues denoted by small circles above them in the 
hea;vy^chain cljiiaera also result from matacfaaesis . 
They are silent changes, 

FXG^'f^S 21 shf^ws tfee 2H7 sequence. The V^j gene 
contain? Jjjl sequences and sequence elaments* 

Small circles above the amao acid residues are those 
that isatched to peptide sequences. 

FTG>."RF Z? rhows the ?H7 -"t^ ^sequeno*, Th«» qene 
c-s'^'-atno Jj,'=> «eqjenc <\ 22~-per oix9onaol„>o^ j was 

u«ed to p1<ic<u a Sal 5 stcc of the initiator 
codo STrai; circles abovo ".so aiaino acid residues 
are those that matched to peptide sequences. 



FXGlJRE 23 Shows tise chiiaeric immunoglobulin gene 
expression p.lasiBi<3s of tha 2H7 specificity, Oa® g«ne 
plassiMs ate pIHG2I01 CVg^neo), pXHG2106 {Vj.,neo) and 
pmmiQl (Vj^^gpt). The others are two-gene plasmiSs. 
'^h-eir construction involved the ligation of the larger 
Mel fragments oi pX§lO210i srsd pXiSfG2107 to iin^ariz&a 
plt3<32106 partial!:? digested with fdel, 
pHM-SS wer« obtained from pXHGSlOl and pX?SG210S? 
was obtained from pIlSQ2iO? and plsq^iOS, 

FXGUHS 24 show^ a siimssarf of the rsucleotid® 
changes introduced in the V^^ and in the constnsc- 
tion of the chiaseric pXas^ias. The cognate and 
aucieotide residues in the 5' end are underlined* 
Circles residues in the «r*"C junctions are dari's-ed from 
the huaian c modules, 

^^SCRIPTXOyi OF TS-IH PRE PEHESD BMS ODIM£?qTS 

Generally, antibodies are composed of two light 
arid two heavy chain molecules.. Light an-s heavy chains 
are divided into domains or structural and functional 
homology. The variable regions of both light (V- ) and 
heavy vV-^) chaix'JS determine trecognit iort aad specifici- 
ty. The constant region domaias of Ixgct (C|.) and 
heavy {C.^i chains confer isrsportanr, bioioglcal prcper- 
ties such as antibody chain association, secret:ion, 
transplacental Hiobility^ complement binding, and the 
iite, 

A coinpXex series of events leads to iinstsunoglobulin 
gane expression in B cells. The V region gene se- 
quences conferring antigsn spacifieity and binding atre 
looai:cd in separate germ line gene segments callea V^/ 
D and j^? or v^^ and J^^,, These gene segments are join- 
ed by rearrangeisents to form the complete V 
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regions expressed in hffesvy and light chains respec- 
t-lvaly Cij-igurs IK Th^ rearranged* joi.R^^d ^V'l^'"^-^^ >3-^^ 
V^~D--J^) V segxnenfcs thea encode the complete variable 
regions or aj^tigen binding domains of light and hea^y 
ctei« s ? respect i vel f * 

e^rtain teims and phrases asre used throaghout the 
^ssai£l:Catiois and claiiss. *I?fee following definitions 
are prov'ided for purposes of clarity and consistency. 

1* Bxpression vector - a pXaamia 0m coBtainlnf 
nsdsfssasry regulator jr sigaais £or the syntfeesis of mSLUA 
deri-^®d froai gena saguences, which cars be inserted 
into the x^eettsr^ 

2* Mod-oie vector - a plasmici tM^ coataining a 
constant or variabla region gene modtile. 

3 . "EjcpsressioTS plasmia « an expression vector that 
contra ins an inserted gene, s«ch as a chimeric iiamuno-" 
globulin gene. 

4x Gens cloning ^ synthesis o£' a gene^ insertion 
into DMA vsctoi's, and Identification by hybridisation 
and the like. 

S, Trans£ectioa ~ the traftsfar of into matn- 

malian cells, 

GSK ETIC: PROCESSES kt^D PHOOOCTS 
The invention provides a novel approach ior uhe 
cloning ani production oi huxan antiboai-?i vith de- 
sired apeclt lcit,y. Generally , tn^ oethod cou.bines 
five eleatents? 

CI) Isolation of isessenger KHJ^ {isEIsjA) frosTs, B cell 
h^bridoma lines producing monoclonal anti- 



bodies against specific a.nti9^ns^ cloning and 
am^ production ther-sfroift? 
{2) Preparation of TJaiversal Issisusioglobal in Oene 
COIG) cligonucleotldes, us«£iii as priisers 
asa/or probes for cloning of th-e variable 
region gene segments iss the light and heavy 
chain -T^Kt^SA frota specific hxm&n or non-htsxaaa 
hybridorria cell lin^a, and eom production 

(3) Prepsratlcsn of constant region gene segment 
modules by cD^?A preparation and cloninq, or 
genomic gene preparation and cloningr 

(4) Construction of coKiplete heavy or iicjht chain 
coding sequeacss by linkage of the cloned 
speclrlc Inimunoglobnlin variable region gene 
segments of part (2 5 above to cloned human 
constant region gene segstien:: sTJoduiesj 

(5) Bxpression and production of light and heavy 
chains in selected hosts, including prokary- 
otic and eukaryotio hosts feithee in a^pasate 
fermentations followed by assembly of anti- 
body mol^^oules in vitro, or tbrougH produc- 
tion of both chaisss in the same cell. 

The indention eisploys cloned hybridossa B cell 
lines producing sjonoclonax antibodies of defiasd epec~ 
if ioity for the isolation of laRSia for cX>m cloning* 
Beoause many lympboid cell lines contain highly active 
nucleases which degrade tmm during isolation, the 
invention ns«s preparation methods specifically 

developed for thss isolation of Intact mUA from cells 
a^d tiss^aes containing active nucleases. One such 
method yields total RHA preparations by cell or tissue 
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disruption in aa etha33ol~v>>5r-hl.;^r:iC.e ory ice j^slxturs 
vhich cedxices nuclease action CLiKardi^ P* M, et al^? 
Anal. Biochegu, 98; 115 {1979)5, This method gives 
intact translat.a»l« ^r>R!;?A. 

Other methods that have been used for this iav-su-^ 
tian^ include extraction o£ cellis with iithitsra chloride 
Dlua- vir-s-a <?u:£fray, C, ^ and Rougeon, F,, lur,t,...>Ix. M^" 
ghBM^,^ 107; (1980)) or gusnidiaa tbiocyanats 

{Chlr-r^inf J. ^.t- BiochemXstrYf iS? S2S4 

(1979) ) to psrepare total 

On^' anlversal feature ot all expressed issntsttoglo- 
bulin light and heavy chain genes asid saesseng-^r RSAs 
is the so-caU«d J region (i.e. joialag region, see 
Figure I)x Heavy ana light chain J regions hatre diS- 
ferent «eqaeiices, feut ^ high degree of sequence hom- 
ology exists (greater thafi 80%) within the heavy Jjj 
regions or the kagpa light chain J regions. The l^i- 
vantion provides consensus sequences of light and 
heavy chain Cf regions useful in the design of oligo- 
nucleotides Cdesignated herein as OISs) for use as 
priiaers or probes for cloning imjaanoglobulln light ot 
heavy chain ssEN^s or genes {Figuras 2 or 1}. Depend- 
ing on the nature of design of a gsarticular OIG, it 
may b« capable ot hjbridiaing to all iir,Tra5r.oglobulin 
5SR£?As or gen^js containing a single specific J se- 
gu«>nce, such as which detects only mouse J^S 

seqxjences (Figure 7). 

Another utility of a particular UIG probe aay b-? 
hybridization t,o light chain or heavy chain n'vRHAs of a 
specific constaat region, such as UliS-MJK wn.oh de- 
tects all mouse J^^ containing sequences (Figure 7K 
aiO design can also include a sequence to introduce & 
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restriction «nsYSi« sita into the cDISA copy of an i®- 
munoglobalin gene (see Pigtsre ?). The invention may* 
for exaTfjple, utilize chemical gens synthesis to gen^r-- 
ate the DIG probes for the cloning of ? regions in 
immunoglobulin mEm from hybridcsma cells tnaking mo^o-- 
cioaal antibodies of desired ar.tigen SiDecifXcitiea. 

?i TVJUlti -stage procedure utilised for 9eneratir>g 
cotnplete V-fC region ct)NA clones from hybi'laona c$ll 
light and heavy chain mHN/^s, in the first stage,, the 
inT?ention utiliges UIG probes =55 "priners'* for reverse 
transcriptase copying of the coiisplete V region and 
leader coding sequences of heavy arid iight chain uiRNAs 
(Figure 3). The cossplairiontary strand of the prlrsor 
extended cDnk is then synthesis:edj, and this double- 
stranded cDN?^ is cloned in appropriate cDNA cloning 
vectors such as pBR322 ic^bl^t and HoEfirian, Gene, 2Ss 
263 <19S3)) or pQ23 ^Figure Maniatis, et al. , 
MoXecalar Clonlnc;? 1^ Labor atory Manual, Cold Sprinq 
Harbor Laboratory S*ubiicatio»s, Sew Yor:«^ page 22 4 
<198a))* Clones are screened for specific hybridissa- 
tics with UIS oligonucleotide probes. Positive heavy 
and light chain clones identigied by this screening 
pxoQ&dux^ are ?sapped and sequenced to select those 
containifig V region asd leader coding sequences. 

an alternative laethod is to maise cunh clones using 
oligo-dT as a primer, followed by selection o£ light 
ana heavy chain clones by standard hybridiaation 
methods , 

h second stage utilises cloning of C region gene 
segjnents to form heavy and light chain module vectors. 
In one isethod cDNA clones of hwnan heavy and light 
chain iittmunoglobulin siRbJA are prepared. These cONA 



-lo'ios ".re tli^n oo'V rtod into C r*?o'^,^'^ n^ciil<-^ ^^^ctc^'s 

i^i^j at a :esir«a locxt^on neat - bour-isrv ol" ccr-» 
st^' L tejion. An ^iternatxve method utili^aa^ g^nonxc 
c r ?ion cIoBes a® tij^i source for C region module vec- 
tors, 

A r^-ird <=^~aq«=> .^-T ccm cloning involves the g&n-^ 
esdt'O'-* cs^- cD^lete Ix^ht an<3 heavy chairs coding s^- 
quenc^B witn Iljiked ¥ and C regions* Th® cloned V 
region segments generated as above are exciaed and 
Ixgatea to light or hea'sry chain C region laodtsle ^^s- 
tors. For ex^asple* one can clone the comjslete hsstian 
kagjga light chain C region and the complete himan gass^ 
isa.^ C region. In addition^ one can ^m^itf a hanian 
gassma X region and Introduce a termination codon, 
thereby obtain, a gene eeqaence -which encodes the heavy 
chain portion of; an ta.h molecule* 

T?he coding sequences having operationally linked V 
and C regions are then transferred into 3.ppropria::o 
ejspression systeste^ for - esgpreseion in appropriate 
hosts^ grokaryotic or eukaryotic* Op^ratto-iallN li.ik- 
ed s&eans ia-frame joining of coding so3ai>'^ce« to de- 
ris?e a continuously translatable gaae sequence w^^th- 
out alt^aratlons or interruptions of the triplet read^ 



H'-'e p"^ t<.ru''=x^ advantage of nsing a'^'^'-^t r 

^ec,w>^»- th-^ x>ves^Tiz invej^tioi is Lat, f -c th^t 
v,a^v coao co"^t \n jousl/ tor ^-^.ra-^Ov<loo' In cl~ai-^<=', 
s:i::ii:;i p.e^v'v or lie?",*-. By "co>.ti><Cvja^>'Ly " <=■ r^arit 
t,*>it t:Le ' ic"*; ^<o rot -^ort^^i i\l.iuo^ i\^c^ =^rj 

not. q-^ one ^ji^i,Sf bit r^^tners. since, doj. ived •*'ros> 
iR*^r\ ~s "~s-»rjj>^ txa K^cr \ot lo"^ , .-^co sequences at con- 
r^vTJoas c»»uc3). This ch=3.raoteristic of the ctMPi. 
sequences provided by the invention allows them to be 
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eKpxessxble in prokaryotic hosts^ such as bacteria, or 
in lo^&x eukaryotic hosts j, such as yeast, 

Another advantage of. cOnh aloninq Rj-sthods is the 
ease and sitsiplicity of obtaining V region gene 

the t&rm- '»tt05i-ht;«R«ri" as as«d in the invention i& 
mesitit to. include aa;^ animal other ths« a h^^an, where- 
in an ixssiune. response caii be generated which then 
leads to ueabX« S calls reaultijsg iat correspoisdincf 
hjbriaom&s or B cell clones obtained fof viral trans- 
forssation and th^ lik^. Such anisals corsissbnly include 
rodents euch as the isoiise or th^ rat* Secause of ease 
of preparation and great availability^ tbe taouse is at 
present the preferred,: aon-human animl. Mouse-saouse 
hybridomas are thxis utiliised as the preferred sources 
for heavy and light chain variable regions. 

Preferably, the invention provides entire V and/or 
C region cDK'A. sequences. This means that the se- 
quences code for substantially operable V aad/or C 
regions, without lacking any major structural portions 
thereof . 

The tarivs "constant" and "variable" ar^s u*;ed func- 
tionally to denote those regi=jsns of the im;ncno>5lobul i n 
chain, either heavy or lighu ch-Un^, which code for 
properties and featur-i>cT possesijed by th-? v^rlsbl>.u ana 
constant regions in -ir;-;r,=il j^oa-chiTver Ic antibodi-?s» 
As noted, it is not n-»cessary for the co>t:pIete co--^ing 
region for variable or constant regions to b?; pr-sssni:, 
as long as a functionally operating region is present, 
and available, 

A wide range of source hybridojnas are ^svailabl-? 
for the preparation of mmk» For exaisple^ See the 

ca ta Xogiie mCC CEtL LXtigg ilN D HYSRipo%^s , Decemhe r « 

1984, American Type Culture Collection, 12301 Parklawn 
Drive, Rockville, Maryland 20852, d,$.K,> pages 5-? 
and the BCACC Catalogue, 2nd gditionj FHLS CAMS Porton 
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Down, Salisbarjir Wills; SP40Ja» 0*K» pagss 30-3S and 
40-4 6. Hybridaxcsas sacr®tift.g monoclonal antibodies 
reactive to a wide variety oi antigens are listed 
th^r^in^ are available frosi the colXecticiSj and usable 
in ;th®= i.n^'-entioii. Of particular interest are hybrido- 
iTjas-Jsecre-cing antibodies which are reactive with viral 
antigena-.,, including Dengue complex soeoific (ATCC BB 
1X4) )^^ D-^n>3ua' type I virus (ATCC BB 47 )f Dengue type 2 
virus (A'rcc HS 46), Dengue type 3 virus (ATCC HB 49), 
Dengue ^ype 4 virus (ATCC H3 48 ) j- Spstein-^Barr 
receptor (ATCC H3 135), Flaviviras group (ATCC HB 
112), hepatitis S ^^urface antigen (ATCC CKL §01? and 
801S), herpes siisplax type I (ATCC H8 x^06a), herpes 
simple>£ type II CAT-CC HB 8067), inflasn-xa ^?lr\is (ivrcc 
CL 189}, Influen-aa A virus, matrix prot^ain Clj^SCC HB 
04} f infiluensa A virus, nuoleogroteln CATCC HB gS), 
inflaenza k Sat5gkoVI/79HA CAIXJC HB 66), influenza 
msn m ihTCC m 67), large T antigen (ASCC Tie 

115)/ smo large f antigen, C^tenainal end iWSCC TIS 
117)^ ana Bvm nonviral T antigen ih'mc TIB 116 
Escamples of other feybridomas laclade those secreting 
antibodies tO: tamor associated antigens or to hmnan 
lymphocyte antigens, such as thosae reactive to haman 
tumor-associated CBA, high mw (^TCC mtx 80151; hvmah 
tumor-associated algha-Setoprotein, igS^^K IA3?CC HB 
134 5? bojaan S lyrssphocyte HLA-DE, jsoaomorphic, ^9^2b 
(ATCQ HB 104 5 J human T lymphocyte T cell precursors, 
IgG^ iKTCC QRl, 8022)? human T lymphocyte 1? cell sub- 
set, helper, IgG^^^ "(M'CC CRL 8002); T subset, suppres- 
sor/cytotos;ic, human, IgGj^ (jVTCC CSL 8013)? T cell 
subset, suppressor/cytotoxic, hiSinan, ^"3^2^ <ATCC CRL 
8014)? T cells, peripheral, hu^mn, IgGj^ {ATCC CRL 
8000); T cells, peripheralr hwssan^ ^S^^g^ (ATCC CEL 
6D01); thyjBocytee, '*oomnion,'* hoanan, tgG^ (ATCC CHL 
8020) . 
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These I tries and others of similar nature can be 
utilized to copy the inR><A coding for variable region, 
using th^- UIG probes. Of particular interest are 
antibodies with specificity to ht^an fmor antigens. 

Bspression vehicles incluae pXasml<5s or otber vec- 
tors, preferred among these are vehicles carrying a 
functionalls^. cossplete humar* constant heavy or light 
chai» sequence having appropriate restriction sites 
engineers^ so that arsy variable heavy or light chain 
sequence with the appropriate cohesive en4s can be 
easily inserted thereinto. Hussan constant heavy or 
light chain sequence-contaiaing vehicles are thus an 
itsportant eisboaiment o£ the invention. 'Siese vehicles 
can be used as intermeaiatea for the expression Of any 
aesired complete heavy or light chain in any appro- 
priate host* 

One preferred host is yeast. Yeast prcvldes sab- 
stantial advantages for the production of i^inv^noglo- 
bulisi light and heavy chains. Yeasts carry out post- 
translatlonal peptide modifications including -i^lycosy- 
lation. A number of i-ecoisbinant xmk s-rrategies new 
exist which utilise strong promoter sequences and high 
copy Eiuiuber pXasmids which can b- used ror overt pro- 
duc^:ion of the desired ptotoins In yeast. Yeast 
r--?coqriises leader sequsr.ces on cloned mas^'naiian gene 
products and secretes peptides bearing leader se- 
quences (i,e, prepeptides) (Hit:2;T;anf et al^,^^ llth 
International Conuerence on !feast* Genetics and Mole- 
cul-- Sioiogyf Montpelier, France,, September 13-1? ^ 
190 2 ) ^ 



1 Yeast gene expression ^ysterns can be roatinely 
evaluated Sot the level of heavy -and light, chain pro-- 
duc5.ion, protein stability ? and. secretion. Any of a 
series of yeast gene -expression systerrss incorpor=5t,ing 
prorotwr and termination elo-rr^onts froT. the actively 
escoressad geaes coding for glycolycXo ensynies pro'lucea 
in- large q;tma titles when yaasts are grown in nsedltjins 
rich i!n^> g^Laciose can be utiliaed. Known glycolytic 
gsrses cms also provide very efficient transcription 
control signals. For <*xampla<- the promoter and term- 
inator signals of the iso-^I'-ciftoclsroise C (CYG-1} gene 
can be utilised. 

Tho following approach can be taken for evaluating 
optimi ex;pr®ssion plasiaids for the expression of 
cl<5ji^a iimaunoglobtiiin cDms in yeast* 

ClJ The cloned imaaunoglobulin DHA linking V an<a C 
regions is attached to different transcrip- 
tion promoters and terminator fragments! 
C2) ISse chisseric genes are placed on yeast plas-> 
mids used far protein oy©rpr©auction {see? 

for example, Beggs, or. 0.^ Holegula r ggneticg 

and Yeastr ^IfresS Benzon Syiapositjm^ XSr 
Copenh age n ( 1 9 8 1 > ) j 
C3J Additional genetic unics s'lch ss a yeasst 
leader peptide niay be included on imaiunogiob- 
ulin DHA conetructs to obtain antibody eecre- 
tion. 

C4) ?k portion of. the sequence,- frequenoly the 
fir.^t 6 to 20 codons of the gene seqaance jriay 
be sKodified to represent preferred yeast 
codon usage* 



(5) Tb« sfeisneric g^nss &m placed on pla^mias 
used for in tegration into jf^ast ohrossosoja^a . 
follovinf gt^grpaehsis pm be fca^ea to siaiult:^^-- 
eousXy ©jspress both light and heavy chain g©n®s ia 

CI) light asd h«avY chain genes are ©aqh 

attached to a yeast pron^otar and a terminator 
seqa^sr.ca arsd placed on t^he s-gnse plasmid. 
This plasmid can be designed for either 
autQno5T5ous j-eplication in yeast or integra- 
tion at specific sitea in the yeast chroirso- 

C2) The light ar.d heavy chain ganas are each 
attached to a yeasu projrioter and teiTUrldtor 
sequence on separate pia^sndds con.tal;ilng di£™ 
ferent selective markers* For example? the 
light chain gene can be pl>=scfiii on a piasiaid 
containing the trol gsn^i as a selective 
sitarker^ while the heavy chain geae can be 
placed on a g>lasmid containing ura3 as a 
aelective marker. The piasmias can be 
designed for either autonomoiss replication in 
yeast or integration at specific sites in 
^m&t ohrosnoacmes, h yeast strain defect lire 
for both selective mrfcers is either simaX-^ 
taneously or sequentially transformed with 
the piasmid containing light chain gene and 
with the plasmid containing heavy chain gene, 

CI) The light and heavy chain genea are each at- 
tached to a yeast promoter and terminator 
sequence separate plasiaids each containing 
diffarent selective markers as described in 
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iZ) above. ^ y^^^^ aiatmg typ?» ''=i' str-i>: 
affective in the selective mrk-rs foaia cn 
the li^ht ar,d ):v„avy cha^r -xpi-^«ior plasnxd^ 
(^xgl ana ULI^ " &x..-nplfe) is 

tv^o sel-ctive .rar^cers itr^l m tha above 
e'<assoIeU % Y*=ast jratifQ typ^- ^''oha'' strain 

sxiTpls.-^^ IS tri'>s'= rj'oa s<?ioh a pla^mld con-- 
tain„i9 the beavy chax'i ge by saXection for 
th>- all<--.^te s^lectitre marker Ci.e, ura3 in 
th.- above exaiJ^le}. The «a« strain contain-" 
ing the Xight chain ^Ismxid {ph^aotYpet 1*rp 
tJra" in the above example) and the ©train 
containing the heaw chain plasatid Cpheno- 
types Trp"* tJta'^ in the above eseaasple) are 
laafcea and diploids are selected whlcft are 
prototrophio for both of the above selcctiv^e 
markers (Trp* Ura"*" in the above exarol- > . 
^nong bacterial hosts whiob mav be U.^od ^3 
transformation hosts, 1* coU Ki2 £tr^»-. "^tCC 
3X446) is particularly ase:ul. ^^^tn-r mc-obiAi 
^^trains which may bo ^3^f*d xrclude col± C^rco 

31S37)* 1?he aforessent^xonaa stra^ft<s, ^ a« 

coU v?3X10 <WC 27325) and oth„r r-^oacr-rxa -^cr. 
a« Saltro^^a tiphinariam or ^'erra" la^iarcMcens and 
varxjas Pseuaoraonur species Tay bo c^s-ei. 

:n ?«.>3r^.^ p-ias.r".d voccori c-^-a-i ui --pXiror. 
anu control s-quonces which are dorived iroa '^p^^-i'-- 
coTipatxble wxth hosu cell are used In connection 
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with thasa hosts » Tao vector ordinarily carries a 
r-5pllcation site, as well as specific genas which are 
capable of providing phenotypic selection in trans- 
forni«a celia. For exatspXe, ^ coli Is readily trans- 
fors^ea using pER32 2f a plasmid aerlved £rosa an B,. coli 
species (Bolivar, et al_^, Gene, 2s SS C19??)). pBS3aa 
contains genes far arspiciilin and tetracyclina resis- 
tance ^ and thus provides easy ni«ans for Identifs^ing 
transforxaea: c«Xls* 'Phe pSH322 plasmid or other micro- 
bial plasiHids mmt also contain , or modified to 
contain ^ promoters which can be «sea by the microbial 
organism for expression of its own proteins. Those 
projsoters most corasioaly used in recojsibinant DHA con- 
struction include the b^ta-lactamase (penioillinase) 
and ladtcse (feeta-galact<>sidase) promoter systems 
{Chang et al^, Kfature, 215 i 61S (1978 J ? Xtakara «t 
aX. , Science, 19651056 (1977))? and tryptophan pro- 
taoter sfstaxas (Goeddel et al^* M£l§.l^-^<^-^i^^ts§ar£il* 
8$ 40S7 <19§0)| BPO Publicauion No. 0036776) > While 
thes$ are the laost cotsmonly used, other aucrobial pro- 
voters have been discov^ered and utilised. 

For example, a genetic constr>^ct for sny heavy or 
light chin^eric ijai-fiunoglobaiic chain can be p^'^'-ed un- 
der tha control of the leftward proinoter of. bacv.eri~ 
ophage lambda (P,-/?. This promoter is one of the 
strongest known prortiotera which can be controlled, 
control is exerted by the Isfsbda repressor, and adja- 
cent restrictioa sites a^re known, 

'The expression of the immunoglobulin chain 
sequence can also be olaced tinder control of other 
regulatory sequences which siay be "homologous" to the 
orcianism in its untransf orsned state. For example, 



lactose depandent Bj, coll chrossosomi UBk comprises a 
lactose or lac operoa v?hich mediates lactose digest ion 
elaborating the ensyme beta-galactosldas©. The iao 
control elesseists may be obtained from foact^sriophags ^ 
lambda, pl*AC5, which i« infective for coU* The I^slc 
l>roiaot3®irM*^rator systam can b« iadtsc^d by IFfG, 

GS:ii^* e^JojaQtssr/Oj^^ss'ator s;^steM or portions thereof 
can be- esigaasjea as vsr^XX. For ejcample, araMftQS«, col- 
icine galactose^ alkaline phosphatase^ tryptophan^ 
3£yXose, tae> aad the lite cm foe ased. 

Other preferred hosts are iBaijasslin"^ cells ^ qrown 
in vj^o in t.xssae culture, or in v-vo »i anxKsals. 
Mamnalian cells provide post'-transiational modixi^^a- 
tions -co i.munoglobBlia proteift moieouies ^mcii^ding 
■'oadpr ;7^s?tlde reroval, correct foldirg and assseT^oly 
o'" and J.igxit: cha-ns^ glYcoSi'la<:„on ::xt correct 

ss,tes a. secretiCx-i Jurj^tioral ^ntibod:*. prow^ir 

'^laTvrsilj.aa -i^^lis ^r.irn xn/ 5S 'icaZ'i tor 

the orocucrior a'^t:,ib';d> rrot^^ir.''? xnrl^d* c*! 1 ~ of 
fibroblast cria„i suon a** 7«rD < \TCC CRL h ) or 

suc^ as the hyor^aoma 3p2/0-»iqI4 tnlCC s^^w Ijai) or 
the myleoasa l»3XS3Aga UTCC TXB 9), and its deriva- 
tives, 

"evs^ral possible vector systems are «^'5railablo for 
tho <2Xpr*,ssion of cloned heavy chain and light chain 
geses in maimalian cells* One cXase of vectors uti-^ 
liges DM eleiaents which pro^-ide an autonomously rep-^ * 
licating eKtrachromosomal plasmid, derived fros; anisral 
viruses^ sach as bo\?in« paplllomavirxis (Sarver, et * 
l>roo. IgatX. Aoad. Sci.. mh, m ^47 U982>), 



polyoma virus {Deans. H, J. §t . IIos„^^S.A^L^:^^^ 
Sei. , USA , 81; 1292 (1984)), or SV40 virus (X.ussky, M, 
and iitchanT M*. 293? 73 (1981))- second 

clsss of vectors rsUes upon the integration of th^ 
desired genss sc^qu^^nces into the host celX chromosome. 
Cells whJch bave stably isitegrated the introduced Om 
into their chroino somes can be sel^etsa bjr al«o Intro- 
auciag drug resistance genes such as coU SS* ^^^^^^ 
ligan, E, C. and Bercf, P,, iroCj_Jatl^_Acad^ Sci^„ 
OSA^ lis 2072 (1981)) or neo (Southern, P. cr. and 
Berg. F,, J. Mol. AppI. aenet^.. . 327 (1982)). The 
selectable marker gene can be eltber directly linked 
to tlie mh g^ne sequences to be esspreesed, or iBtro- 
ducea into the same cell by co-traas^ection CWigler, 
et al. . cell. ^7 11973 H . 
Sines an imunoglobuX in cnm is coniprised only of 
sequences representing tbe saature mEm encoding an 
antibody protein or ite precursor, additional gene 
eicpression elements regulating transcription of the 
gene and processin^f of the RNA are required for opti- 
mal synthesis of immunoglobulin ftvRH?^, These elenients 
iRay include splice signals . as 'well as transcrlc-tioa 
proraoters including inducible promoters, ^chancers, 
and teruunation signals, cDNA expression vectoi's 
incorporauing such elements include tho.=5e described by 

Okayama, and Serg, P., Mol. Cell ?iioI^, 1^ 2S0 

a9S3)? Cepko, C. h. et al^. Cell. 37? 1053 (l&84)j 
and Kaufman, R» J. , Proc* ^Qatl. A cM..^.. Sci« > il« 
689 

An approach to evaluate optimal vectors for the 
expression of Imjuunoglobulin cmh in mantmalian cells 
involves first: placing the isununoglobulin mA se- 
quences into vectors capable of stably integrating 



into the cell, g«5noaiSy or replicating aatonorc-asly as 
an -^xtr-chromosGfaal plssitsid. The vectors can be used 
to -evaluate diffsrsnt gene escpre&sicn ©I^ements for 
optimal i;;Tununoglobuiirs synth-asis* 

An additions.! advantage of mas^alian as 
hosts r~ their ability to express chitserlc Immunc-glob" 
xilln g»ne-s which are derived from genomic 5e^3"aence,s , 
Thua,, rr^amsTtalian calls :say expre:^s chimeric in^-unoglcb- 
ulin genes- which are cosiprlsed of a variable regioa 
cX>Hh snodule plus a constant region which ia compoaed 
in tfhol© or in part of genoisis sequences. Several 
hiirsan constant region genomic clones have been des- 

cribed C Ellison, J, et al,, -^-clds Res,, 10 ; 

4071 a9B2}r «?r m.x, ft aJ^, Cell , 29j 691 il9B2)}* 
The uee of sucii ^enontle sequences may be convenient 
for ths simtilt^aeQas introdiietioa ot itmunoglobalin 
enhancers, splice signals^ and transcriptioa fc«mxaa" 
tion sifrsals along uith constant ration gene seg~ 
ment* 

Different approaches can be foXXowed to obtain 
eoisplete E^tiyf antibodies. 

First, one can separately express the light and 
heavy chains followed by in yitro assembly of purified 
light and hea^ry chaxx^s into cois^lete H^I*^ anti- 
bodies. The assenjbly pathways ueed for generation of 
complete B^Lj molecules In cells have been ewten- 
aively studied (see? for exatnplej- Soharff, , Harvey 
,vi^£Hi.-:.:?,£> -"25 (1974)), In vitro reaction para- 

ir-etera for che formation of TcG =in"ihodies fron's re- 
duced laolate-:! light and heavy -."^laln? i.ave beeri deCin-- 
ed by Beychok, Cells of X:£gt^tunogiobulin Synthesis 

academic Press, York, page 6Bf 1979, 
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Second? it is possible to co-escpx'ess laqht and 
heavy chains in the same calls to achieve intracellu- 
lar association and linkage of heavy and light chains 
iato complete ^2^2 '^^^ astibodias. 'Sh^ co^esspression 
can occnr by using either the same or different plas- 
mids in, tha a^e host. 

Thai meitbofis described iserein can also foa us^d to 
switch- tihe: class of any antibody of a given specif i- 
s:itj and class to an antibody of the same epeoificity 
hut of a different class, whe th<sr htsatan or fior5<^l:imtan ♦ 
For axample, htamati XgM antibodies can be transmuted to 
himan iqa aatibodi^s by prepariag constructs contain- 
ing human constant IcfSS xmMA or geaoHtic sequences/ 
linked to var labia hma» cDMA saquances obtained froja 
a cell proSuciBg the original igM antibody* fhese 
constructs are tb«n introdneed into appropriate laosts 
an^ expressed. 

POLYFSPTIDS FRODGCTS 
invention provide^ "chineric" inimunoglobulin 
chains, either heavy or !.ight, h chin-i&ric chain con- 
tains a con3t:ant region sub-t.snui ally ?:iavLlar to thai; 
present in the heavy chain of a natural hatrtan iminano- 
globulla, and a variable region having any aesired 
antigenic specificity. The variable rsgion is either 
from h-aman or non-hur^an origin. 

The invention also provides i-nn^unoglobulin mole- 
cules having hea-sry ar.d light chains associated ao that 
the overall molecule exhibits desirei^ binding and re- 
cognition properties* Variaas types of istimunoglobalin 
molecules are providedj jsonovaXent j. di\?aXentj cli speci- 
fic {i.e,y with different variable regions) ^ iRolecules 



with chimeric heavy chalrsa and non-chiss^ric light 
chaln^y or moiacules with variable binding 4oisains 
attached to peptide luoieties carrying desired fuftc- 

totibodias havissg chimeric heavy chains of tha 
or different variable region binding specificity 
mdi noft-cfeimerie (i.e., all hmian or all non-human 3 
li^fet chains, cars h& prepared by appropriate aasocia- 
tim of the n^^ded polypeptide chains. ISjese chains 
ar® individually prepared by the niodislar asaessbly 
methods o;£ tha itiyention, 

mm. 

The antibodies of the invention having hu,man con- 
stant region cars be utilised for passive immunlsatioRy 
sspecialXy in hu^T^ans,, without negative iatKune reac- 
tions such as {jsruni sickness or anaphylactic sbocls.. 
The antibodies can, of course i, -iXso bss utillxe^ in 
prior art inirauno-Siagaosulc assays and kits, in labell- 
ed forrn for ylvo imaging^ wh^-ra In th« label can be 
a radioactive e;xiittsr, or .=;ri contras:;!:^^ ag^nt 

saoh a carbon~i3 nuclr."- : r X-rsy contrasting 
agents such as a hsavy metal nuclens, I'he antibodies 
can also be used for in vitro localization of antigens 
by appropriate labeiling* 

The antibodies can be used for therapeuti:; pur- 
poses by themselves in complenient mediated lysis or 
can he coupled to toxins or toher therapeutic moie- 
tiea. 

Class s-witching of antibodies is useful when it is 
desired to change the associatioii, aggregation or 
other properties of antibodies obtained from cell fus- 
ion or hybridoaia technology. For estaiiipXe, most homan- 
hum» monoclonals are of the Ig^S class # which are 
known for their ease of reduction and aggregation. 
Changing stich antibodies to other antibody types, such 
as IgO, IgA or IgE, is thus of great benefit. 
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HxKed antibody-ss^ym^ moiecales can be used for 
i^nsunodiagnostic methods, such as 8LISA. Mix<&d anti- 
body-pei^fcid^ effector conjugates can b® used for t^r- 
§$ted dsiivety of the effector moiety with a high de- 
gree of efficacy and specificity. 

Having now generally described the invention, the 
same will be further understood by reference to cer- 
tain spmtilc examples which are ineladed herein for 
purposes of illustration only aud are not intended to 
be limiting unless otherwise; specified. 

Ma terial s and Me t hod s 

f issue Cal t ure Cel 1 X^i nea 

The hua\an cali lines GH2146 and «ere ob- 

tained rrom the Human Mutant Cell He'pository {Camden , 
New Jersey) and cultured In Rp^!il640 plus 10% fetal 
bovine serum (M, a, 3K>pror;uot3 ^ . ?he cell lines 
Sp2/0 and CRL 8017 were obt.sin-o.d fron th-s htns;rica.n 
Tfpe, Culture Collection and grown in Oul becccs • s Modi- 
fiad Eaale Median^, plus 4.5 g/I glucosa -M. A. 

Bioproducts) plus 10% festal bovine seru.m (Hy'l-^ne; 
Steril^^. Systems, Logan^ Utah), Media were supplesienw- 
ed vxtih p?ni ci 11 ■.;>/■-? ureptosiycla (Irvine Scientific^ 
Irvine , Cal if orn ia ) , 

Recom binant FIas;ri id and Bacteriophage SNAs 

The plasmids pBR322jf pLl and pUC12 were purchased 
from Pharmacia P-l» BiochsHsicals (m:... ^\ ..5, ifiscon- 
einS. The plasjaida pSV2-neo and ^SVZ-^vt were obtain- 
ed from BRL CGaitheraburg, Maryland), and are avail- 
able from the mezic^n Type Culture Collection {Bock- 
\?iXle, Maryland). pHu- gamma -'l is a subclone of the 



S*3 Kb Hi radii I to BaisHI fragisent of the humv=ia Xg-GX 
chro-mssomal gene. separate isolation of the hun^an 
IgGl chroa\oson-sal gene is described by BllisoHf J, 
et al^^ Huel, Acids Res., 10s 4071 (1932), M8aXphaRXX2 
contains tho 0,? Kb Xbal to BcoEI fracssent containing 
the' mouse h^avy chain enhancer fross the J-~C intron 
r»gix3-n. ot th« M603 chromosomal gen« (Davis, M. et al^ 
mtrarm -f. 283 $ 733)1 insert^ed into Ml3mp.lQ* G-tsiied 
p0C9j was purchased from Pbamacia P-L, D!?& manipula- 
tions involving purification of plasjsaid Dm by buoyant 
density ts-^ntrlfugation, restriction ©nSonuclaas® 
gastlon, purification of Ma fragments by agarose f®l 
electrophorssiSj. ligatiosi aad transfomatios of ^ 
■ co|.i . were ass described by Maniatls, T» et al*,. Mole ;" 
c ul ar cloai n ^g A Labomtory Mai tisal , (19S2K S^stric- 
tios endoauclaases and other DHA/RHA modifyi»g enzymes 
were purchased froiB SoehriBger-Majjabeins (Indianapolis^ 
Indiafta)^ SSL, Hew Ingland Siolabs (Beverly, Massacfhxx- 
setts) and Pharaaoia P-L* 
01 igon^clm ?r egaratioa 

Oligonucleotides were either synthesized by the 
tries cer vsethod of Ito et al^ i j' 
1755 (1982) or ware purchase--^ f.rom sLBa^M, Lob 
Ange.Ies^ California, Tritylatedj, deblocked oligonu- 
cleotides were purified on Sephadax-GSO , followed by 
reversa-phaso HPtC with a 0-25^ gradieat of aceuoni- 
trile- in lOxm tr lethylacnino-acetic acid, pH 7.2, on a 
CIS uBondapctk coluran (Waters s^ssociaties ) > Detrltyla- 
tion was in 80% ac-stlc acid for 30 min,, followed by 
evaporation thrice* 01 igonacleotides ware labeled 
■v^'ith igaj;i3^a~-^^P]ATB plus T4 polyrmclsotide kinai^^. 
R ^h Preparation and Analy s is 



Total cellular R!^A was prepared from tissue cul- 
ture cells by the mthod of Auffray^ C, and Rougeon* 
^« ( f^r, J. Siochem. . 107s 303 CXSeO)) or Chirgwin, J, 



ion of polylAJ RHAf methyl-mercury agarose gel elec- 
trophoresis, and *?3ort&ern'* transfer to nitrocellulose 
5#ere as described by Maniatis, T. et alj,, supra. 
Total ceilalar Km or polyCA)*^ was directly bound 
to nitrocellulose by first treating the ENA -with for- 
Tsaldehyae CWhit^, B* A. and Bancroft, .F, C. , J> Siol> 
Ch^m, , 257; SSS9 (19825). HybridiKation to filterbound 
RNA was wUr.h t^lck- translated Dm fragssi&ats using con- 
ditions described by Margulies, D. H, et al^ C Mature , 
,295; 163 (198 2)5 or with ^^P-ls.b*Iled oligonucleotide 
u&ing 4xSSC# lOX Denhardt's, 100 ug/ml salmon spenn 
D*?A at 37*^C overnight, follo^^ed by washing in 4i^SSC at 

^-jon aad Cloning 
Oligo-dT primed cDN.?i libr-sri-BS war>? prepared £rotn 
poly(A)'^ RN^i from GM1500 and QM2I46 ceils by the 

thods of Land, et al^ C.^;^£l, 2251 

(1981)) and Gubler, v. and nottman^ 3. J,, Gene , 25; 
263 i:i983), rosi>3ctively. The cDJjJA libraries were 
.5cr.--r-d by in situ hybridization <Maniafeis, T. ^ 



'^ith ^"^F-labelled oligonucleotides using the 
conditious shown above, or %rith nick~translat:e<;; DNA 
fragments usiag the conditions of de La rig® et al, 
CCell, li* tl983H< 

01iao!HSl«9tidejTim SlxteMi^.g...snd.Clo^^ 

FoIyC?^)'*' RHA (20 ug) was mijsed w^ith i.a ug primer 
in 40 ul of Um SCI. after denaturation at 90^C for 
5 min, and then chilling in ice, 3 units Human Placea- 





tsi Sibonuclease Inhibitor (BI^L) ^'as sdded in 3 al of 
in Triss-HCl, pH S.3x the oXigonacXeotide was ar.neslsd 
to the RHA at: for 15 minutes^ then 12 xxl of ,05H 

DTTf .05M and X niJi each of di^TP, dTTP*. dCTP? 

■snd d<5?P was added. 2 ul of alp-ha'--'""P"dATP (400 
Ci/ms>xrls New England KucXear) wa.^ adde)^, followed by 3 
xil or &m reK?erse traascrijftase C19 units/uX^. 

fncubation at 42*C for 105 mla., a ul 0*5 M 
EDTA aad SO al lOi^ Tris, IssM EDTA^ g>H 7,S w^re added, 
Otjlncorporated nucleotides w^r^ rsaioved by Sspbadex 
S~50 s|^^3,a column ehrojsato9ra|>h3', and th^ RlSA^OHS hy- 
brid was fextractfed with phenol, then with chloroform, 
and prscif^itated with etha»csi. Second strani^ synthe-* 
siSf homop&l^mys tailing with d<3l?F dCTF> aiid inser- 
tioji into homogjolymer tailed i^^ctors was as dsscrilserd 
b^f (Subier and Hoffman* :.§,§ £ g a . 
Si tergi rectad Mutagenesis 

Single stranded Ml 3 aiihcloae mh it ugj was cctm- 
biJied with: 20 nq oilgcnticieotiSe primer in lt*S al of 
Sin btiffer (J m Tris-HCl, pH ?,S, 7 m MgCl2, 50 nsM 
NaCl). after heating to ^S^C in a sealed tube, the 
primer was annealed to the teniplate by slowly cooling 
from 7Q^C to 3?''^C for 90 stsinutes, 2 al dS'TPs (1 mM 
eachJv 1 al ^^P-d^TP {10 nCi > , I -al DTT fO,l m and 
0*4 Klenoiv' D^A FoXX (2Uf Boehriagar Mannheirr.) ^s>ere 
added and chains? extended at S^^C for 30 xninat.es. To 
this was added I nl CIO ng) MI3 rev-srse primer (Hs-w 
England Biolabs), and the heating/annealing and chain 
extension steps were repeated. The react: ion was 
stopped with 2 ul of 0,5M EDTKf pH plus 60 uX of 10 
Tris-HClf pH 7,S^ 1 tm. EDTA. The products were 



-4I~ 

phenol extracted and parified by S^phaasx G-50 spun 
col'ajnR chromatography and ethascl precipitated prior 
to restrietioa ensyme digestion stsd ligation to the 
appropriate vectoir* 

fransfectloR o£ Myeloma T issue Culture Cells 

& 'tfariation of the method of Ochi, §t aXj^ <|la- 
tnr@ > lO^s 340 C1983}) was us«d for psfotc^^last fusion. 
50 i8l o€= bacteria at A^^^ of 0,7 were converted to 
protoplasts by th^^ method of Sandrl-Goldin^ R, at 
(MQl> Cell. Biol.> Is 743 ilBBD), then diluted 
wlr.h 20 -Td DH-SM pl^iS 10% FBS (final vol'axa& is K 
Sp2,' C ceils were harvested, pelleted at 2^200 x q,, 
washccl;- repeileted and resuspended in DM"?:^! at 
2"5xI0^/tr;i , Bacterial protoplasts (10 were mixed 

with 10x10^ Spk/0 cells and pelleted by centrifugation 
at 4,000 X 2, 22^0 for 20 sdn. Arter pipetting off 
the supernatant, the pellet was saspend^-d in th-s re~ 
maii-iiag drop of xnedium by flicking th«? txitoe. Z'x>l of 
10% DMSO, 37% (w/v) FEG600Q <-<oaalc) in DMEM v^as :sdded 
Sropwise v<ifith mixing over 45 s-?c. After IS secx, 2 ni 
of 42% ^06000 in mBU was added over 4S se::. Com- 
plete mm C45 ml) wae slowly added with mixliKj, Cells 
were pelleted at 2S0D sc £^ then washed and pelleted 
thrice, 

^he electroporation method of Potter^ et 
( groc. t^at l, Acad, Sci^ tJSA. Bit 7161 (1984)} was 
used* Mter transfection, cells were allowed to r^^ 
co%^er in complete DMSM for 48-72 hours* then were 
seeded at 10,000 to SO.OOD cells per well in 96~well 
culture plates in the preaenc© of selective mediuja, 
a4l8 {0XBC05 selection was at 0.8 mg/ml, snycophenolic 
acid (Calbiochesn) was at 6 ug/Bl plus 0.25 xag/jsl xan~ 
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thine, and BAT {SigiaaJ was at the standard concentra- 
tion, 

m^Y^ €S£ ■Jm^0!^A9.g^>^^.:;.^....S^ntne sa.s,,..a 7,3 .Secretion 

Secreted iiamunoglobalin was jseasursd directly frow. 
tissue culture cell supernatanta. Cytoplasmic protein 
extraeij was ^grepared by voxt^xing IxlQ^ ceils in ISO 

T.6i at" OPc^, tS ssin^stes, followed by c®ntr if legation at 
10*000 ^ tec remov® iisaoXtibXe d^bria. 

Double aatibod:^ sandwich {Voll^r, A. et al. , 

Haniaal of CUnical^^gmnoIogXr 2na , Eds. Rose, 
asd FMedsiaa, pp. MS-S?!* 1980) txtog affin- 
ity £>arifisd antisera was tss^d to a«t«ct specific im- 
munoglobuiins. For detection of hms.n I^s, the plate- 
fooxsi^d antiseOT is goat anti~himaa Xg« CK?J,^ Saithers- 
burg^ Maryland) at X/IOOO dilution* ?fhile the paroxi- 
dase-bound antiaarum ia goat anti-haman XgG {KFL or 
Tago, Surlingame) at 1/4000 dilution* For detection 
of human l;r»«unoglob«Iin jcapga ^ the plate-bound aati- 
sorun i,5 goat ant Inhuman kag^pa (Tago) at X/SOO dilu- 
tion, whila the pet'oKidass-bound antiserum Is goat 
anti-human kappa (Cappel) at i/1000 dilution. 

Antibodies binding hepatitis B surface antigen 
were detected using a coaimercial {Abbott, AUSAS) 
assay. 



EXAMPLES 

The following exaa^plss show the pr^'pa ration of 
chimeric antiboai^s each having a hujnaa constant 
region and a non-hisman 'srariable region. These 
SKamples oatline the step-bf-stsp process o£ preparing 
th^e. «hiimer;ic antibodies. 

It- Histaan Antibody Constant Region (Sene 
jg-iMlil.^^ ,>l^f ■^^■""§<P ^ i"ro"n""""v"c; c tors 

il) Freparat:ion of oDKA Clon*JS , and Vehicles 
Containing Sam®, for Heavy Chain Husian 
Coftstsnt J^egion 

The cell line GM2X4S was used as th& source in 
mst^A. preparation and cmA cXoaxBg* this cell line 
secretes IgGl (Sia^a-nons^ J, <3. et al^, Seand, J. 
MSHSSii.' Li' i^l3, 1981). Tests of this cell line 
indicated that it sect'etes iqk as '.'foil as IgG, 

The cell line was clori^yc,- and res alts indicated 
that fivm of six subclones secreted X-sG oniy^ while 
one of six subclones secreted IgA only. PoIy(A:>*' RIQA 
was prepared from the cell line and a cD>5A library was 
prepared frora the poly(;^)^ by the method of 

Gubler^ U. and Hoft>.an, B. d,, Geng , 22? 26^~2B9 
{19S3), An initial plating of the cDNa transrorsrsed 
into coU strains HBlOI and RRl yielded a total of 
1500 colonies^ which were acreened by nybridisatlcsn to 
a .HindllX to BataH X Sragssent of a ^enojuic clone of 
haiaan igGl CpHu-^aMga-lJ . Four positive clones were 
found. A fragment containing th® CH3 coding region of 
one of th^se clones, pGMH~3 (Figure 4)^ ■■^as used to 
rescreen the original library plas a new transforma- 
tioa of approximately 5000 colonies, Two of the lar- 



gesfe clones^ p^sli^S m& pGME-lS*. were ajjaX^z^®^ by res- 

coataiusa thm entlra cmstmt mgim of hxaaan l^Ql, 
aitfeoufh it w^s axscovarsd tMt pSMS~6 « delated 
a^pi-oxim&tesly iSOO base pairs of pBS^as imi^, appare&tj-* 

Clo^sss; pmvid^d the Ig^l constant s^giois 

xmm-^ m the doastructic^a of; cionint motms tox 
h&my: chmM r^xiabl^ regidn cloning* 

(2) Freparatida of c0m Cloaks* aM V^hieles 



Constant R^^ioix 

A hmm Q&1X lim imismy proa»ci«g igG^K was 
selected for th€i iaitial cloning phase. Poly(A)'*' mA 
prepared from CSH1500 is active in in vitro traaslation 
using rabbit r<>tlc'aiocyte extracts. A cDHA library 
^as prepared from this RMA by tha matiiod of Land at 
t<lucl.. Acids Res,, 9? 2251-2266 (I98I). utilising 
K^nl digested and dG-talied pQ23 as the cioning vector 
(Figure 5), This v^ector contaxfts Bglll, Kgn l and Ssti 
sites inserted between the BaraHI and Sai l sites o£ 



In order to Identify the cD?rA oioneiS gener-^tied 
from GM1500 RNA which correspond to light ch.^ln TnHf^Aj 
a DNA probe J, U-lG-HuK, v?as synthesixed and purified. 
The UIG~HuK oligonucleotide has che sequence 5'-« 
AGCC&CAGTO<3Ta?T~3 % and is designed to hybridise to 
all functional human kag?pa vHRUA species at the J~c 
junction. This probe was u&ad to prime cOH?^ synthesis 
on GMlSaO in th& presence of dideoxy nucleotides 

and reverse transcsriptasfe. From 1,2 ug of total 




PBR322. 



FCifi-smimm 



OMISOO polYih)"^ Rm was us^d in this experiirjent, the 
entire j s«<gusace and aosie of the V region v?as read, 
demonstrating that CD GMISOO Em is intact, {2) the 
kappa probe is of the correct sequence, a»a (3) GMXSOO 
light chain siKB& costal as .1^4 ssqnencee. 

com olones jsositive for ii3?hridiaa:tion to th^ 
light chaiS' probe were selected, since the probe hy- 
bridises to-- the J-C junction, the mo^t important point 
was to determine if the clones had complete constant 
regioa sequence in addition to the J region* 

Insert sises for the two largest kappa cmh clones 
we:re 0,6 and Q.9 kb? restriction enayme mapping in<Si-~ 
eatea that the entire constant region coding sequence 
was present in both clones (Figure S), the huxsan keg£a. 
CDVlA clone pK2~3 was used to make the light chain con- 
stant region vector pIKOaOOl by Inaerting th-s Sau3A 
frag^nent comprising tho hun-.an kappa constant and J 
regions into the BcU sit:-?- of. pBH325 {figure 6B), 

1^ variant: of th-5 hunan ^55£oa cDNfi clone was inade 
by placing a Hindi XI site in tha J raglon. This was 
carriecS out by in vit ro mutagenesis using a >Tj,HIHDIIX 
oligonucleotide primer (Figure 7cJ, The resultant 
pi asm id is pGMLSO, 

A vector, pING200i5. was constructed for tns? tr~ns-» 
far and expression of cDNA sequssnces In Siaxfimalian 
calls (Figure 10), This vector was constructed troni 
pUC12 and two plasaiids containing SV40 sequences, pLl 
provides an SV4Q earl:^ region promoter and an SV40 
late region eplice sequence, pS¥a~neo sequences pro-^ 
vide a selectable tsarker for masunallan cell transforgs- 
ation and SV40 polyadenylation signal sequences. pUCl2 
provides a multiple cloning site for cDm insertion. 



ThB v«!Ctor has several useful rsstric- 

txori sites for siodi fx cations. These Include a Hindi XI 
site useful for the insertion ot enbancfsr sequisnces, 
aad a Hindi 1 1 to JChoI fragment useful for th« inser- 
tion of alternate promoter sequences. This vector is 
useful in the expression of cDMJl genes? in mammaiian 

Isimnnoglob-jlin enhancer eloKients have br^en shown 
to enhance transcription o£ o^»n-->5 in their vicinity in 
stably trans rorrned mouse rtr/elc-jt^a calls by several hun- 
dred fold {Oillies, D. et aU, Cell, 33; 71?. I983> 
and Banerji, d, et aU. Ceil, 33: 729, 1983), To 
facilitate expression of the j^.ouse- huaan immunoglc- 
bulls genes tn mouse nfelom cells , the jaouse issmuap- 
globulin heavy chain enliaJic^r element add^a t& the 
at>m expression vector pXNa2:003 CFigiir® 10). Th« 
moiase heavy eJiain enhancer r^fioa mh was isolated 
f rom as M13 sabelone of mouse heaw chain genomic; Dm 
(MB~ alpha- m2, Deana, B. , unptsblished) . PNA iso- 
lated txom a Salt plus EcoRX digestion of this stib- 
Clone was modified with Hindlll linlcers and inserted 
into the Hi&ailX site of pXlsl02OO3, resulting in the 
n«w com esqsression vector ptMOOlE, *rhis i?ector is 
useful in the efficient eKpreeeion of cDHA genea in 
tnaisstaiian cells ^ particularly T»ouse jnyeioma or hybri- 
doma. cell lines. 



BXi^iPLl III 




il) Preparation of cDt3?v Clones and ^ahlcies 
Containing Same, for Heavy Chain Mo«se 
toti-HEsllg ■Variable Region, 

The> c®lX line CRLS017 was obtained from th$ ilTCC 
and subclonsd., Subcioass wec^ gro'^a and tested for 
mouse IgO' s^nti-hepatitis B binding SLCtivity vising a 
coaimercially available anti-HBsAg detection, kit. 



prepared from one of th$s$ subclones, and wais frac- 
tionated on a 5s$thylmercury agarose gel, the RH?^ con- 
taiaed irstact light chain and heavy chain mRHA^s as 
Inferred frojs specific hybridisation to j^agna OIa~^SJX 
primer^ and to the mouse heavy chain OIG-MJHB psx^be 
(see Figure 7). In addition, the OIS-MJK primer was 
used for specific priaung of anti-HBsAg poly (A)* RHA 
in a dideoxy sequencing reaction. Suffir;ien" sequence 
s^as read to show that a major kappa rmh of the anti™ 
HBsAg cell line contains uhe sequence, 

•Ths conditions for variable region cD^5?i. synthesis 
ware optimised by tssing hes^v^ and light chain OIG prl- 
taers on anti-EBs&g pQlyiK)'^ RSA, Dldeoxy chain exten- 
sion eKperiments demnstrated that the mouse tJIG-MJK 
primer and aiG-JH3 primer correctly prisned ka^ and 
hea^y chain SSlis, v^en the re^?«rse transcriptioxs was 
carried out in the afoseac^ of dideoxynuclaotides, tba 
main product using the kappa JJIS-MJK primer was a 
410±2Q nucleotide fragtuent, while the main product 
using the heavy chain UX<3»JH3 prister was a 430t30 
nucleotide fragjaent, 'fhese correspond to the expected 
lengths of the variable and 5' untranslated regions of 
kappa and heavy chain isjmunoglobulin KsRH&a. The con- 
ditions for the optimal priming of poly<A>'^ mk from 



Three positive sufo«l< 



were foisnd. PolyiA)^ Rl^A was 
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CRL80I? cells sho^iia ^s'ork well for poIy{?i)^ RN4 isola- 
ted froia any eeii line producing a monocional antl-- 
body, 

After determining optiiml cottdifcions for priming 
hybridoma with oligonucleotide prissers, two oil- 

goBUcleotidsiS were designed and tssed for h&&vf chaia ¥ 
region cJMh sjnthesi«. Theses two oilgonucieotidsss ars 
UIG'»M,IHBSTBXI<X35 and 010-^3 {Figures 7 and 8), It 
should fae isoted that th& primer s^qu^noe was designed 
to introduce « BstBXI reeognitioa sxt« imTQhQCl In 
th® clone so that it coald he joined at this: site to 
the hijsaen Ig0I constant TsoduXe et tbe analogous posl'- 
t ion at the latter *s J region. In this caee* the pri* 
xmr had a single <3 to t3 misisatch: witb the mom^e mENI^ 
sequence that usee the coding sequence. The UTG~ 
Mja3S*l?Si;i<13) primer was 13 bases long and the isis- 
matchsd residue was flanked by 7 istatches 5' an-S 5 
matches 3' of it. this was the IS-mer BstSII priiuer. 
To assess the priming efficier^cy of th« IB^mer Bs^tEII 
oligonucleotide c a 2l-s?i--sr priir^er .'specific for sTsouse 
Jg3 <UI;g-~MJH3) was used, Thi.~- priTser had a perfect, 
match for the .17 nucleotides on .Its 3' end. 

These two priiii^-r.s end the J,^3 coding seqviences at'e 
shown in Figure 8, The first st,raDd cD^^A products jriade 
via the IS-trter BstSII an.d the 21-rRer J^.S primsrs in- 
claded hancs of approxin^aTrely 4 30 nucleotides, which 
represented the entirs region* Oader th& standard 
priiaing conditions used^ th® priming affici^ncy of the 
13-®^&r SstSII was mch less th&» that of the . 

Accordingly,, a cDMA library was genera tec from 
the first strand synthesis fro«i each of thesa primers # 
using the atethod of (sublsr and Hoffman ^ supra . 
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WitBtf the J^S library was screened ^ith 

the ai'-mes' Jjj3 oligontacXeotide, Filter hybridisation 
was cione at 30*^, overnight? accordiaf to de Lange^ T. 
§^ M^* C^^^i- 34 i 891-900 (1983). *m« filters were 
then wasfbed at 51*^ in S jc SSC, 0,11 SOS. Fi^& coXo- 
nies wer^ selected. The largest bad an insert of ap- 
praxiisat^ly 46D bp, Mor^ significantly, it contain- 
ed three restriction sites: predicted frosi the known 
Jjj3 seqisence, wbicfe are |>resent lapstream of the primer 
sequence. !r?hls clotie, pJ3-ll, v^as sequenced dsing the 
«J|j3 primer by the ciiain-tersai nation jsethod (Wallace, 
^* I^Lt.^ itSS* ^l-^ae CISSD ). aiie sequence 

obtained has the reiaaining Jg3 coding segment. Just 
^p&xiT^.B.mf a 13 -nucleotide segssent saatched to a pub- 
lished D segjTjent sequence CDsp 2,2) (Karosa^^a, Y. 
al. , Jj, ~S£ct.»ilf-lt.' 155? 201 (1982),, and T:3negav?a, S., 
Nature, VrZt 575 {l'i=?3}^-. A r..-^nn peptide predicted 
f OT. thi« arx»^ showca charactieristic honnl--^gy to tne 
publi^ned rtjouse he^vy cnaxa eu y*^oups at aaur.o acid 
residaes 86 so 94, cot^n-i^xnn rn- FS3 of h«='=3vy chaii 
Kiolecjles. »lasmid pJ3-~li represented a rearranged 
VDJ seaue.ice, and apparently r5n~axned tae a^iti-hepa- 
titis sequence produced by the ceil Line, 

In order to is:>Iate a V.^ r^-cion c:>H"i clon^- tb.i* 
had a BgtSII site in the J region, an MnX to Saa56Ir 
26 S nucleotide long» probe from pJ3-ll wes ncKt usvd 
to screen the cBHA library generated fro.^ the 13-~jr.or 
BetSlI primer. Blx positive clones %*ere isolated. *l*he 
iargeety pSsX3-l was further analysed. The insert 
was 280 nucleotides long and its restriction map 
agreed witli that of pJ3-lI esicept for the introduced 
BatSXX site. Figure 9 illustrates how these two in- 



serts were recombined to generate phmiQs.-l^, a V^^, 
clQUB with the sodaie- joining BstEXX site* Three ad~ 
aitioaal Vjj cDHA clones were isolated £ro:8 a cD^^A 
library generated trosa the ai-^mar oIigoriac;l?5otlde UIG™ 
MJB3BSTEII primer containing a Mi^EXI site. These 
donas m&Y provide alternate cmh sequences to join 
to htsman Cg. s:«q»«sac^s . 

<a) Preparati'an: of «DS3A Clones, and Vahicles 

Containing Same, for Xilght Chain Mouss Anti- 
..KBsAg variafeXe Region 

Since the sequence is present in mEm prspared 
t'roa^ tha anti«b«patxtis bybridoma ceil line* the oli- 
gonucleotide ms-JK^BOLXI CFigure im , was designed to 
introduce a Bglll site iato the region. Diges- 

tion with B^IXI wotsxa then allow direct insertion of a 
ctmh coaiftg region into the Boll site of the pre- 
vioasly not«d human vector, pIHG2001. Thig inser- 
tion wotjld result In tfee precise joining of a tsouee 
varisbXe regiois segment (incXiiding the Cf region) to a 
human kappa constant region segment each in the pro- 
per coding frame and with no alteration in asiino acid 
sequence for either monse variable or hrnnan constant 
region, 

ThB JKaBGLXl oligonucleotide was ussd to prlitje 
anti-SBsAg SSRISA to form a cVUA library as (for heavy 
chain, sju^ra* in pUC9. The c05^?i was sise-selected by 
polyecrylaau'le gel electrophoresis prior to cloning, 
and B0% o£ the cD^QA clones were shown to have insert 
sises betvs^een 300 and 7S0 nucleotides in length. Hep- 
liCsa rilter.$ of this library were screer.ed with tvo 
oligonucieotiaes; the original, primer aan a second 
probe complensentary to sequence 5' to the oriqinal 
primer. 



womimmi 



Xt wss discovered t:h»t the antl"h«p=3ti tis B ii-ono~ 
clonal cell line CI^X. S017 secretss ijti-riuncglobulins 
with at least two cif^ersnt light chains « One ot them 
is derived Uroai the "'yeloxa SS-l^ which was used as a 
fusion partner in 9e:--cratlna tr.u an^i-hepatitis B cell 
ilns^, Since >>3S-'.l is derived trom the myeloma M0?C21y 
the possibility was investigated that M0PC21 Vj^ mRNA 
may be present In the 7^ cDNA library from the aati- 
hepatitis rsonoclonal cell lin^. Indeed, oae cDNA 
clons {p6D4B? analyissd has an id^snticai restriction 
mzpm xnap to thst of MG1PC2I cDM, except for the 
inserted ggl XX site, 

fwo conclusions; can be drawn from these results* 
The first is that it is possible to effscti-^rely tjse an 
oiigosiucleotide to introduce a restriction eajsyme ^ite 
while closiisg a region frosi a h^i^bridosaa cell line, 
'Phe 0eco»d that one la^st carefully ictonitor hybrido** 
ma cell lines for the presence of multiple V region 
seqiseRceSf only one of vbich i« the ^e^ired sequence* 

Xn order to furtfeer characterise tha ^S§£ES. 
chain J regions present in the cell line siBNA, 
poV/i'h)'^ RNA. was bound to nitrocellulose by the s:or~ 
iTialdehyde "Dot blot" procedure of White and Bancroft, 
,£iL™„§l'^l-t- CheTT'>> , 357; 8569 a982). The Rtm was hybrid- 
ised to -'^■p-labeled oligonucleotide probes specific 
tot each tunctional 5£S£2S vT region^ These probes are 
shown In Figure 7B as the DIG probes 5Jt<l, MJK^ 5jS4, 
and ?JK3, The res-alts showed that the :s.P:t^h. hybridi;:ed 
strongly to both MJK and ol Igonncleotide probes, 

indicatlrsq- that bo::h Jy2 and seguences were pre- 

sent. Since J^2 aH??A had been previously identified as 
the ooe derived fross the parental hybridoma partner 



wo 87/(l2«71 



NS~1, It was coftcluded that the a^4 rsi-^Hr^ eacoded the 
anti-h«patitis binding speciSlcity ot the CRL 8Gi7 
cells, 

'JH^^o aiSferent cBM libirsries were scresned to iso- 
late V region clones e^codiag sequences. The first 
was,; prxHsed by §i i£r a . ^iSi® second was mad« by 

using the. oligonucleotide primer^ which is 

s^eesifii-c £ssr Jjj4 as^ Introduces a IgllX elt« into 

the^cr 3r«g<ian of cloned 1? regions. *m® JK4BaLXX prisier 
was us^d to prijas first strand cmh synthesis to con- 
stirtsct e cMA library by the sasna method usad to con- 
struct a J%2mLtZ prim&d mm library, asecept that 
ctMA was not sise selaseted prior to c1;oai»g* 

Figure ?:B tabuXat©& th® jaisisatch«s that each 
primer has with other toctional mouse kappa J region 
segusaces. Ifote that has five ssiisssatches in SI 

nucleotides when coiapared with the ^KZEGhll primer, 
and 3 in 23 with the ^ABOhll primer. 

Both libraries were screened for V region clones 
containing sequences by hybridising to an oligo- 
nucleotide protee specific for sequences {$JK4). 
me results of this screen are shown: in Table 1. 
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Table 1* 


Library 










%^ 




2% (30/1S;00? 






$3/D 





Percentage of clones containing J^^a or J,,4 se- 
quence plus a V region, Th* probes used were the 
ol:;gonc.-:-o;;ia~ 5JK4 CJ„4 specif icitsr* Figure 7) 
and p604B, which contains the t3S-l {M0FC2I> V re- 
gion sequei^ce. N/D, not done. 



Several V region cDftA clones isolated trom 

both iibjjsries were characterised. These clones hat?e 
identical sfegtrlction enayme isaps, iacIMing the engi- 
neered Bgill site resulting from the oXigonuoIeotMe 
priased cmh cloning procedure, The festrietxojs inap 
and seqaetice oi one clone, p¥l7, show that pVl7 
contains 1? region gene sequences. 

These rssTsits show that the JK2BGLII prlsser couia 
correctly, although inefficiently, prime Jj^4 mm se- 
quences. Since the JK2BGLII prxsier had l^ss mis- 
sia tones with any other J,^ region rsEHA than with 
niRHA (Figure 13) ^ it le expected that the other J.^, 
niRSAs cao be prisved at the correct location with bet- 
ter efficiency using the JK2SGLI: priyuer, Thus, effi- 
cient cDt^A. cloning of any funcuional mouse kapna V 
reckon may be obtained by using a mixture of the 
JK2BGI.II and 31^4301*11: prisiers. 



The placement of a BgXXX «it® into the J region 
during cDm cloning of the V regions allows joining ot 
the cloned monse V region ge^n« module to the human 
l^fipa constant region gene aiodule {Figur® 9B) ♦ 

Mtex the afor^J&esitioned experiments were carried 
aut it fo^jM that the cOm clcne pVl? lacked a 

coiRple.tB 5' coding region. S3ucieotide sequencing 
showedi that the K of the initiator codor. hT'T^ was act; 
copie<^ m pV17. fhis was not a randoTs cDH^ cloning 
artif&ct- because two other cmA clones bad the same 
defect, T-wo approaches were dex?lssd to otetain a light 
chain g^ane witih a cousplete 5' coding region. 

Firsts a new cDN4 library was eonatr acted by first 
srsriming with sn oligonucleotide (5 ' -^^TATTTGerGA^GCT 
coir.pl err^eii^^siry to p¥l7 sequences 155 bases froffi 
the 3^ snd, Frosi this library, clones hybridising to 
a pVl7 DNA fr arson t prcbe were selected, and bo^.b o£ 
these new cDNS. clones have the initiator ATO pins 
aboui: 20 nucleotides of 5' untranslated region. One of 
these clones, p2~12, sxspplies a 5* untranslated region 
at 23 nticleotides and a complete M!Q initiator codon, 
^hen p2-12 was combined with pVl7 derived seguences, a 
variable region with a complete 5' end was foraged 
{pXNSaei38K 

Seconds site-directed mutagenesis on the existing 
light chain clone was used to simuXtaneoasly remove 
the poly-G tract and place a riboeome recognition se- 
quence adjacent to the initiator The PetX frag- 
ment from pV17 was stsbcloned into fil3mpl8. An oligo- 
nucleotide iW-rmi 5 '-G"^'gC(Sj^Ci;CA(5Cj^T6ASgTTCC 
was then used as a priiaer to matate the 
pvl? seqiience to include a Sail site and an initiator 



hm into th^ pVX7 seqa^ac^, Tb© resultant plasmid 
* pVI7-XW provided an alt«raat«i xsouse variable region 

for joining to huss&n constant region jaodales, 

The complete niscl«ofcide sequence of th« variable 
regioa from pVl? was th^a determised. The s^qusnca 
shovrs that, pVl? contains a "^jj^J^ junction region , con- 
taining s^'^'eral conserved amino acids* and the hybrid 
J^2/J^4. region formed by priiaing tb« im with the 
lJXa-JK2BSLXI oligoniicleotid®. Howe'^rer* the % region 
in pVl? is non-functionalj because the and re- 
gions are not in the same coding frame. Translation o£ 
th^ pvl7 V region would thus result in an abnormal 
immmoglobulin light chain where the J region is 
translated in an incorrect frame. This defect itsay he 
caused by aberrant ¥~J joinxngj, resulting in a 
non-functional k apg a a>3 has been observea by 

Kelley, D.E, et al^, Mol. Cel l. Biol. > S:1660~167S 

since the pVll V region encodes iin abnor/fial invaa™ 
noglobuli?^, it is highly unlikely that this light 
chain is part of a Sunctional antl-hepatitie antibody 
s^oXecul*?, These results show the ixnportance cf jsioni- 
toring hybridoiaa cells for the presence of inultiple 
S^N^ species encoding regions, only one of ^ii?bioh is 
the desired seg^sence. 

Further screening of CSL 801? eDNA libraries was 
dons to search for cmk clones which are not from 
either of the two cmh classes found so far 

(MOPC2l«p6D4B, pVl7). First an oXigo-dT primed oDHA 
library jsade froaa CRL801? RBA was screened with a mA 
» fragment probe specific for the ka^pa constant region* 

an^3 separately with probes specific for M0PC21 and 



pVl? 7^^ regions, A cDNA dene that con- 

tains the M£Sa constant region, but has a different 

regioa than that of M0I?C2I or pVX? waa discovered. 
This method of screening oligo*dT primed cmK libra- 
ries is a tisefal alt©r»ativ« to oligonucleotide 
screening o£ ctMh libraries ^ bec&uss a ick- translated 
sro-bes ot high specific activity are used. Mso, this 
sR«tfeo>3j allows the simultaaeoas isolation of several 
c£s5S=SJ@!!S af V region clon^ar such as all closes ^ by 
appropriate protes cfeoice* Second* the 0IS~«JK2BGLII" 
priised cmh library made frosi CKS* 80X7 l?m was screen- 
ed with the triG-SJKg oligonucleotide probe {see Figure 
7), A Rsw class of cDBil clo!ies was found whose 
jsembars are homologous to plE^L-ai asd hybridise to 
the UXS-5JK2 probe , but mt to a HQP€2i V^j probe* the 
restriction endonueleese site maps and nucleotide se- 
quences of these clones also differ from MO?C2I-ho5^o~ 
logous cDl^Si closes from CEL801? cs'ils, ?hese 
clones f however, have an aberrant V-J joln^; which 
results in a nonfur.cticnai aR^^a, and app&ar to bo 
identical to one describ^rd by Cabilly and Riggs iGefte^ 
40sl57 (1985)). 

It was therefore concluSed that the anti~h-=v,\iti u la 
8 c^^i; Une CRL8017 has at least t'nre^ cl.^s;3-:?s or 
mRHA -or respondinc? to the above dssscribed cDNA cione-<s 
p6DA3 xM0?C2l;; p:^v'\. «."d pvl7, Ths pIE9L snd pvl"? 
clones are derived rrom issRHI^ from aberrantly rearrang- 
ed Kappa genes y while the p6D4B clone is derived trosa 
the parent hybridoma fiasioa partner NS-l. Mone of 
these clones appear to encode the desired anti-hepa- 
titis ligbt chain. 



<3) Preparation and Expression of Heavy Chain 

Containing Eimaa Co«stant/Mouse Variable R^'gionjas 

TbiS V r:;3)on a^qa^'^cios in p^VHCa~-13 w^xt, ;;jc^'i<rd to 

to t^^ ^z^-Sv-rcc o5 a -a^^cord BstSIl v^^.-^ii^" th » 

IgGl CHl reaior o£ pGMH-»>, a £siiXt:i-&n.4=*p ligatj-ca wa& 
re<|uirea* First, t^te 220 nacleotid© BstBIX fragment 
from the J-CBl region pGHH-S was ligated to the 
1X08 nucleotide IgO region BstSII to BasjHI fragjneftt o£ 
pSME-<6, Xn a separate ligation, the 420 nuciootide 
SstSII to Bajm X fragment of pfa¥HCa-^I3^ which comprises 
the mouse ^ region^ was loaned to a calt intestirje 
phosphatase treated MmH l piasmid s^i&ctot, Ths two 
ligations were then combined ^ Xigase was added, and 
tb^ prodaets w^r^ transformed into HBIQI, resialting ia 
the chimeric mouse V'^hisman C clone pMVeC£:"24 Wxqux^ 

The ¥ region of the hybrid heav^ chain gene in 
pM\mCc-24 v?4& further analysed by partial Svjquence 
analysis. This analysis showed that the cloned ¥ 
region contained a D $oqa^i>c;e -*?hich taatches a known 
Siqc<^ncc, DSP2,i ^Kuiosa'^a and r,5ne-:?awa 

n^cleot xaes, 

Dr-v 'OHs'v c-4..t'". <.jj:ni of 'i,mi^ZC'~Z4 o^o-^ea „nt~ 

ol^s.-^xi should" ^a^c an mcteased prooabi^it/ er-i 
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'^loTi-clz.t. c«j'>fe in B 1„ ^ i^" -."^i^w c<'> of ^Lc pto™ 

s&nco Oi. the noU'^^N- . ecs. ^ m > ' ■"•^^-^icsn;, 

A -no n cic<3." 'on s*--^ " ie-,<'v -bsan qere 

pr>~SBnz It- ;^^fy"FCc-~24 a^.-s^ to ptovxcto :;lw^'rnat:) 
rv5>-a^'y cna^r. q&n&i v*hxcn lac'^ss tne oli<?o-~dC rscjion pre- 
CB.diis?gr the initiator 13s« pIHOaOias and pIH<32006^ 

vas^tars^ ®re identical except for tl^« RucX^otide^ ixfe*" 
m®di.«tHlY preceding the l^tPG, as shown in Fi<|ur« 12, 

Bactsria harboring ths pINSaOO©^ afid psva-nect 
plasmids were eonvertSid issto protoplasts foy the mefchod 
of aasari-^Goiaih, Mi et alj.> MoX> CeXI* Biolv^ I? 
743 (198 1) , The prstopXasts 'were then ssiparately ftJS" 
ed to S?2/0-AgX4 hybridom c«XXs {A1?CC Cm X58X) by 
treatment with p©Xyethyl«negiyc©X (Qchlf A, et aX, ^ 
Mature t 1 02s 340, 1983) . Th^ £ais«d eells were allowed 
to recover for 72 bours in complete medium before 
plating at 10,000 or 50,(300 ceXls per well xn a 96-- 
weiX sissue culture plate. 1?he cells were selectsd 
mittt ©418 at 0,8 mg/mX for two weeksj, when growth in 
sorsB w^alls -l?*arly evident. Under thofsc soloctio-s 
cor.ditiorsn , <^o2 C re:,1s >#cre completely k:xl"l^d withm 

asys 54"^, Cnly cells w^ioh Y&v^ ii^^ata 2S 

a-o-'f un'i*:*r <3''18 iseXisctiOiii. The numoer as; rfelXs pcjsi-- 
t:i-.f^ I-'" qro^ftn. by rh«S« integrative traasfectants are 
shown LXi TaDle 2. 



strain/ 



10,000 
cells/wall 



50,000 
ceXls/weli 



MClOSl/pSV2-neo 
MC1061/«on« 



3 CI 3%) 
0 



12 (50%) 
4 (17%) 
0 



* Fsrcentage oi sfaowing positive growth out of 

24 vf^lls, 

C--;lls transfected with pI»>:G203b£. 3 rs./i-neo wars 
ti^stea for i:manoglob jsiin gen«^ expc^--^on :it ths 
ar.d pror.«in l^5ve ; , Tot^l r-^ ^ -/lA ->s^i^ prepared fra 
tran:Si:c;CteJ c>^lls, bound to nl trocellxlose and hybria™ 
Ised -co n^:ck-t:rsnft'K^r.ed probes specific for the rfeouse- 
hunan hybrid h«avy chain gene. Two clones wer$ foaad 
which have a strong signal, representing eKpressiqn ot 
the geaa at the nm level. The ataoatit of total cellu- 
lar hybridiaiag to the mons««huaian probe appeared 
to be approsciTJsateiy 1/10 the level of heavy chaia mA 
iri the original hybriaossa cells. This profeafoly repre- 
sented about 1% of the total xaEm of the transfeoted 
cell. 

The transfectea mb»s^ cells were also tsstea for 
proauctlon of cytoplasmic human heavy chain protein by 
an mhlBA assay* It was found that 3 out of 7 pING- 
200 $S transfectea cell lines produced detectable 
legale of human heav^ chain protein. The -f?o;s.? cell 
transformant producing the siost snouts e-hu^nan heav^^ 
chain protein gave a sicjnal in th-3 SJ.lSh as^r^^y cox- 
parable to that of a 1/lQO ailutlon of a hua\an B .::eii 



mQmimri 



lin« producing intact htman immnoqlobxxlin IgGI, This 
mo&mt level of det^ct^d mouss-haman baavy chain pro- 
tein stay he due to several factors, including insta- 
bility of heavy cisains in, the absence of light chains 
in', b^bridoma cells, or incorrect processing of the 
ohiisarlc gene transcript, 

(31) <re«a- S-tnplif ication o£ the Integrated 

Southarn blot analysis Bho^^d that aiaitiple copies 
of the pJWQtm^t mh sequences were integrated in 
taadesa in the raouee genoise. Eestriction enstymes ^jgal 
ana BglXI both cleave pIi?<32006B singly. In the 
transfomant^ 2S.19> a band, from an AgiaX; or 1^111 
digestion^ of the expected sitet <8.2kb) was founa to 
h^rbridiae to the buHsan C gasama 1 sequences <data not 
shown), S.n a Bamax han^ of the correct si«e {l,6kb} 
was found to bybridis® to the human as well as th« iSS 

seq^^ences. Gene-copy titration experixsent {Fig. 
14) indicated that th=5r«- are about 5 copies of 
pI^5G20()SE in the 2AE9 genoTne, tbat fact that only a 
single band was detected in the ApaT or BglTI .lane 
indicates that these individual copies are in a 
tandeitdy arranged array, A set o£ double digestions 
showed that pIHQ2Q06E sequences suffered no 
rearrangement in their introduction into the mouse Dm 
(data not shown), 

i^e next transf acted the cella with a plasuUd 

that contains a difSerent selectable marker, the got 
gene, and selected clones growing ottt in DMEH~BA.T< 
One clone, 2BHI0f has about 38 ng soluble haa^an gas^jva 



1 proteis pm 10^ cells » Soutimra aaaiysis showed 
that aSBiq has alSOiit 30 copies pW2 00 SB IFlg. 14 3, 
They were ampilSiea from 5 mpim in mm witfeoat 
tm^mm^m th^ » se^jaences * (Cqaipare the 2a.S9 
p&ml to th« aSHiOK SI data {^iata sofc shown 5 weal™ 
m that this i^icr^a^^ in template lei to a higher 
amowBt q£ IgQ fene trasscriists, b^li^^r^ that the«^ 
segiiences were cp-^assplified with contiguous cellular 
sequences as a restslt of the second s^X^otiori* 



CD totiboOlr M 

L6 monoclonal antibody (Uhh) was obtained fro;« a 
risovjse which had been imaianized with ceils f rons. a human 
lung carclsoma^ after which Bpl^m cells vere hybri* 
dissed with SIS-1 atouse tayeloisa cells, l^e astibo% 
binds ta a pirevioasly not Identified carbohydrate 
aatigejs which is e3^;pressed in large assounts at the 
surface of ceils frora laost haaian caxsinomaSr including 
lung carciaomae {adeno, squamous), breast carcinomas, 
colon carciaoisas and ovarian carcinoisas^ while the 
astigeft is only' present at trace levels in normal 
cells from the adult host, mh M is an XgGSa and can 
mediate antibody dependent cellular cytotoxicity, 
mcCt in the presence o£ human peripheral blood leuko- 
cytes as a soiarce of effector cells^ so as to i.yse Lg 
po-siuXve tun^or cells, and It can lyse L6 positive 
tu^nor cells in the presence of honian seru^ti as source 
of cojupleJBent; the lysis is detected as th« rsleaae or 
^-^Cr from labelled cells over a 4 hour incubation 



period, MAb L6 can localise to positive trnkors 
xenotransplaated outo nude jaie«» a.M it can inhibit 
the o«tgro%?th of such tsmora. mb M is described in 
Cancer Ees. 46*3917-3923, 1966 ion mh specificity) 
ana: la-. Froc^ mtl. Acad. Sci, Sl^^OSS-TOSB, 1986 Con 

C,2^' xaentification of J Sequences in the Xsasuno- 
glotoiosK of X»6 « 

Fra^est cells 'wer-e thawed on ice for 10 miautes aind 
then at zoom tempera t^sre . The sixspension was di lifted 
with IS ml S»SS and the cells were centrifuged down. 
Thsy -were resaspended^ after «?aehes ia mSf in 16 ml 
M ItiCiy ure.n and disrupted in a polytron shear* 
The preparstioa of tnRNA and the eelection of the 
poIy(A-f) fraction were carried out according to Auf- 
fray, C, and Sotsgeon, F., Ei^r, 3. Siochem. XOI^SSS, 

The poly CA^) Em from LS was hybrid! ?.ed indi-v^ida- 
ally 'ith labeled J,^l^ X^2, J^S v^aa oligor.ucloo- 
tides under condi-ions described by Nobrex^ e t dl . 
?>ReI, Biochem 13Iol4.l, X9S3)> ?h<i- products v-re then 
subjected to electrophoresis in s 1."% ag:irose~TBE 
gei. The gel -vvas fixe.i In 10^ TCAj, blotted dry and 
exposed rcr autoradiography, ?he result showed that 
the L6 contains J^^^ ~ cr-aer.css . 

For Che analysis i"-> V,^ ;nR^;A, the dot-Mot 

jnethod of WT-ate and B&r.croic J. Biol. Chera. J,S7;B569, 
(1§82) was used. Poly ih-i-) Rm was ijamobillsjed on 
nitrocellulose filters and was hybridized to labeled 
probe-oiigonucleotidea at 40^ in 4xSSC- These experi~ 
ments show that LS contains cr^s sequences. A t&itxt 
hybridization to Jj^S wes obaerved. 



w&mmmt 



(3) ¥ Region cDNJk Clones. 
» A library priasad by oXlgo (dTi on L6 polf CA-^> RMA 

screened for kappa clones with a mouse region 

* probe. From the L€ library, several clones were iso- 
lated. a second screen with a 5' specific probe 
identified the LB CJ^S) light-cfeaia clones. Heavy 
chain clones- of 1*6 were i^olatea by screening with the 
Jjj2 oligfomcleotide. 

The heavy and iighfe chain gene« or gene fragments 
f rom the com clones pH3"Sa and pL3-I2a were inserted 
into Mi3 bacteriophsg® vectors for nucleotide sequence 
analysis. The complete nuclaotide sequence® of the 
variable region of these clones were 4eterntined 
iWIQmns 15 ana 16) by the dideoxy chain terssination 
method, these sequences predict V region aaiinc acid 
compositions that agree well with the observed compo- 
sitions, and predict peptide sequences which have been 
verified foy direct amino acid sequencing of portions 
of the I' regions. 

The nucleotide s-squences of the CO^h clones show 
that they are InvcnunoglobuXin '/ region clones as thsy 
contain a^dnc acid residx^es dia:?no3t.ic of V r:o:T-alns 
(Kabat et al. , Soquences of Proteins oi: Imrnuno-U>j.ical_ 
Interest? „,U , S peg t ,o f HHS , 193 3). 

The L6 belongs to suogroup 11, The cDNA pre- 
diot.s j^-rer-iir.i: s .>o,uence of 24 a;nino aci;! r~s?ld-assr. 
identical to that of a known (45-165 CRi:; Mar9-.;!lU-s 
et al. Mol, Itmnnol. lBtlQB$/ 19BI} . The L6 V,^ has 

* the seanence. The I*S Vj^ is fros the v,,»KpnX 
faraily (t^llshi et^al. Proc^J^^ ,Acd. Sci^SA 32^6399, 

* 1985 and uses J^5, The cloned L6 predicts an 
amino acid sequence which v#as confirmed by amino acid 
sequencing ot peptides froia the X»6 light chain corres- 
ponding to residues IS-40 and 80-96. 
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(4) la Vitro ^lutagen^sis to Engineer Restriction 
Snsyme Sit'^s in the J Region for Joining to a Ha;aan 
C-Hodnle, and to Remove Qligo (?3C) S&quences 5' co the 
¥ MofXuIes. 

Both clones generated from priioing ^v^ith olicjo (dT) 
L6 and. i:.6 nae--i to be .'t.odifisd. For the L6 V^^ 
the J-regioa jsutagenesis pr:jn<?r J|^HijidIIIf as shown in 
F-'IGOHB: 17B,, utllissd, A huxa^n 5Sodule derivfsd 

from a cDt?A clone was snatagenisod to ooxitsin, the 
Bindlll sequenca (see Figure Tne mutagenesis 

reaction waij perforjnea on Mi 3 subclones of these 
genes. The fra-juency of mutant clones ranged from 0,3 
to 1% of the plaques obtained. 

It had b«en previously? observed that the oligo 

CdC) sequence upsstreaja of the &m codojs in a v„ chi- 

a. 

meric geise intarfares with gfropar splicing ia one p&r~ 
feicuXai: gene construct. Ifc was estijsat'Sd that per- 
haps as tmch as TQ% of the SHA transcripts had :Und®r>" 
gone the mis-splicing^ wherein a cryptic 3* splice 
acceptor in the leader segaeace v?as used. 'Therefdre 
the oligo (dC) seqtience ugstreaai of the initiator Am 
was removed in all ot ths elones. 

In one approach* an oligonucleotide was used which 
contains a Sail restriction site to mutagenige the L6 
clone. ths primer used for tfeis oligohucleotide- 
diracted mutagenesis ie a 22-Sier whioh Introduces a 
Sail site between the oligo {dC} and the initiator met 
OOdon C FIGURE 19). 

In a ditferenr, approach^ the nuclease 3AL~31 was 

iisssd zo ch'?w away the oliqc (dC) in the r.s V,, clone 

n 

pH3-6a, The sizo of th-;? deletioa in two of the mu- 
tants obtained was determined by nucleotide sequencing 
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i&nd showa in FISPEB 1*^, In both of thesa mutoaats 
(delta 4 and delta 21)* all of the oXigo (405 to 
the coding region w^re deXeted* 

Thas^ clones were th«B modified by oligoRucl^c- 
t^ds^-dlrected Siuta^enesls with the MJHa-a^ai: prxw«r 
(ri^UP£ 17), This 31~'baso primer introduces ar Ar=5t 
3^':3 th_ nous2 C,,^ gene at a position a-^alo^ous to 

e ftirg Aral ^ite i.i bami Codsu^l cr>IA gene 

gene t^'oaal^ to a navss.^ C^j niodul«> tnus »ncod©!a a cbi~ 
sjpric prote v^r^c'i rcnt^alns no -lu^Ji.^ sinxno acd^ 5qs 
th«i entire region, 

t''lc> 'i-t-^-f^ 2 q^TT\ 1 tie"" T'^dv, e 1 a "PW^ ^is>ri^?5>d 

tory^ ^Jowaik, w Jer«-'=>'('U '^n^.'s C 9;=s5^'na 1 gars' .Toduis* 
^vS.^ preview ^ "-^'^binsd wxti a Toas® V,^ c«x^e rnod,2le to 
fovjn the ch^vUCjric cxpr4.ssa.0n plasmid pT?5O2012P» 

(5) X»§ Chisaeiric Essgsressioa Flassiids. 

LS chimeric heavy chain exprassxon plasmldg were 
d&siv&d froni the replacement q£ the "5?^ module 
pI^i<32012E with the modules o£ mutants delta 21 and 
delta 4 to gii?e the eKpressxon plasasids pXN<52111 and 
pl^<32111 (Tmvm 17 ) » 1?hese pXasmds direct the syn* 
thesis of chimeric heavy chain when transtected 
into saaiassalian cells. 

For the Xs& light ehais chimeric gene> the Sai l to 
Eindlll fragment of the mouse module was joined to 
the htman jaadule by the procedure oatlXned in 
FiauSE ISf forming pI1«ls2115, H^placement of the neo 
se<3sjenoe wl»h rhe coli got gene derived fro,n pSV2~ 



9pt resulted in pISG2120f v;hi.ch expressed L6 chlr«-5ric 
li<jht chain and confers >-;rf cophenj>iic acid resl-stance 
wh-^n transfected into massmaliaa cells. 

The iRcIvssion o£ both beav^ and light chain chi- 
meric: g?^es is the same pXasiaid allows far the iBtro- 
dactibm^ Ijito trauafectad cells of a Isl ^en« ratio of 
KesLVf B^li^t chain ganes Xea<5ing to a baXasftc^d gans 
d&sa^gs^, Thi£s may improve expressiois decrease 
matiip'«lair±0tr^ of transif acted cells for optimal 
chimerio aatifoody aKpraasionv Fox this pusrposa^ tha 
tMK fragiaants deriired from the chimeric heaT? anci 
light chain genes of pIM<32lIX aad PXKG2I19 wara com-' 
bined into the axpreesios plasisld pXtlG2114 CFISOIIB 
mis: exprsssion plasmid contains a selectable 
neo^ marlser and separata trariscrigstion units for each 
chimeric geae, ^SiCh itieiudiaf a motis« heas^y chaia as- 
hancer. 

The modif ications and joint regions of the M 
chi-ineric genes are s^jmarixed in FIGURE 20. 

(6) Stable Transfection of Mouse Lymphoid Cells 
for the Production of Chimeric AntilxsdY. 

Elsctroporation was used (Pettier et al» suora; 
Toaegusso et_al, Mol,„ Ceil Biol. 6:703 19865 for the 
introduction of L6 chimeric expression plasand DHA 
into Tsoase Sp2/0 cells* Tha electroposration technique 
gave a traasfectio» frequency of X-*IO x XO"^ for the 
Sp2/0 cells. 

The two gene expression plasmld pING21l4 wa^^; line- 
arised by digestion with g^atll restriction endonii,-' 
clease s^ad transfected into Sp2/0 cells, givirsg ap- 
proxliTiately fifty G41$ rssistant clones which were 
screened for hmsan heavy and light chain synthesis. 



■Th=3 Isvels of chimeric afttibo4y chain synthesis from 
the two producers, D? and 3B3y are shown in Table 3. 
Chimeric axitilsod;^ was prepared by culturln^ the D? 
tran&fscta»t cells for 24 hours at 23sla^ cells/ml in S 
I. mm stipplem^ated with HEFBS buffer ana penicillist 
and stresptomycin. The superaataBt was concentrated 
over «n Asaicon ¥M30 membrane in XQinM sodium phosphate 
teflree, pH8.0. preparation was loaded owr a 

SE&SJ-CeiluXose column^ which separated the ismnuaoglo- 
miin into unboand and bound fractions. Samples from 
the OBAB-unboisna, DEaB-botsnd and the pr$~DEA^ prepara- 
tions Cfrojn 1,6 of mediosi) was sefarateiy purified 
hj affinity ohroHJatograph^ on a protei«t-a Sepharose 
coittjan^ elutin^ with OVl M sodiusa oitrate 

, pH 3.5 « The el'ated antiboay was neutralised 
and concentrated by tolcon centricosi filtration, in 
phosphate-~buffered saline* ^e yields for the three 
preparations were i2ag (DMS unbound), 6ug (DEAE 
bound) J and 9ug {pre-DSAS coluTsn), Western analysis of 
the antibody chains indicated that they were conblned 
in an ^2^2 tetrani^jr like native iT.manoglobulins. 

(7) A second purification for Chimeric L6 Anti- 
body Secreted la Tissue Culture^ 

a> SD2/0,pING2114.D7 c-sXls were grown in 
culture nealua [ fOibc^ ^320-»l?65^. svipplement^ed 

wi-th 10% Fetdl Scvi oiyclc-ne 4A~llIl"-0), lOtr.M 

HSFESj Ix Gluuarfdne-Pu.-n-Scx'-ep {Irvine Scientiric 
IS 31s ) to X X 10^ cell/iRi. 

h. The c^lls were then centrifuged at 4005£g 
and resuspended in serasi-free culture jsediunj at 2 
10^ cell/ml for ie«24 hr. 



Thu. TTcdi..^- ^^-^^^ fsc53d at 4D00 RFM 

In a ;S«-4.2 rotoz: {iOOOxg) iot 15 isin. 

1,6 llt«r of super aatasfet was th^n iil^ 
tored through a 0,45 Bicroa filter asd then coacsn- 
trafesd; a^er a ■?5i30 Ctoicoa Corp.) filter to 2Sml. 

fh« conauctattce af the eoncemtrated 
sji5fS-xsta^saj|.t was a<ajusta<5 to 5*7-5,6 ssS/csa asd th& pH 
w«j^ a3^:a;^te<3 to 8 ,0 * 

^h® Bxxp&t£i^tB.Skt was *se«tr5.fug«*S «t 
20aOxg^ S isin., and then loaders onto a 4Q ml DISS 
coXmn^ which was preegisilibrate*! with lOiS^l SGaicim 
phosphate, pH8*Q. 

g. Th« flow through fractloa was collscfeed 
ana loadea onto a 1ml protein St-Sepharose CSigisa) 
ooiwn preequilibrated with iOjsM sodima phoaphatef 
pBt, 0 , 

h. tt e colusRft was cashed f ir^t with 
iSsuM sodiun^ phosphate buffer pB=^B.O, followed by ^trd 
0,1.H sodium citrate pH«3«5, txier. by *Vti1 O.iM citric 
aci4 CpH«»2»2), fractions or 0.5.r.l were collected in 
tubes contaiaing SOul 2M Trx::; basse iSiy.raK 

i. Th« bulk or cne IgG '><j'as in the DH-.i,.t5 
elution and wa» pooled cxrA coi.cenu.x atou over Csi-'^ricc-n 
30 CMiicor. Corp,) to approxinately .OSdU 

Th<= Dufter c;na"cr*»d co PBS ; lJni>5 so- 

diur. £^,csnhate rH---7,4^ 'l.^V. K-^C - :,r, C-=*r.tr Ic:?;!; 30 by 
rsrea', ?d d-- l;itin>^ witn -'hS -5,ni r<~rcncentrat ing. 

"hf* "cfG soiUtion v^-a.* thss;! adju^tu.a to 
O.IOai and bovin^? ser«m albasiiin (FracT;ion Uv«, Bio- 
chemicals) ^as added to 1,0% as a stabilizing reagent. 



jfy^fcibodF Secreted in iStScites Fluids 

0, iSj® atssjit^s m# first a®»tjri|B9ad » 
a.OOO xg far 10 min. 

b* T!i« condactasc^ of the sup«r?qtata»t was 
asiptstJ^d to $*7-S,6 niS/cm and its pS a^3is«t€4 to 8,0, 

c. Supernatant was than loaded onto a 49 ml 

d< The flow tifero«gh from the DE<«vS column 
was collseted and Its. pH sfas adjusted to 7,4, and th®n 
loaded onto a 1.0 ml goat aatl-laamair^ 3;gS tmu » 
sepharos® column 

Tha ooium was washed first with 6 ml of 
10 siM soaium phoaphata, 0,S J« sodim cMoride, 
followed bs^ 8 ml 6f O.S M HH^OH* ana 3 !4 ssdi#t 
thiocyasate. 

f . The sodium thiocyanata eXuate was ppdlad 
md diB.lf'Z&d against 2L PBS overnight. 

mtibodf can be farther concantrated ^ steps 
J, and of tka p^STious procssd^sr©. 



1, 20 181, 2d, 

2, m<i mLr aa. 



wm mt&sP mm^^ 



seas I a^O^M 



^ - SvZ^Q cells transfected by eiectsroporation with 

^ acj/i SBasare^3 by ELISA specific for huj^an iS^pa - imn 

Senc®-\Tc5nes protem stanckrd. 
^ ~ m/1 5TBas'ir-Dd by ^jeciSic for hvsmxi aanm - hmexi I9G 

standard. 

FSSs F^tal Swim Sesujs 
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studies Perforsred oa the ChiiTj^ric L6 Mti-» 

body. 

Firsts th^ samples were tested wxth a binding as- 
say/ in which cells of both as X*6 antigens-positive and 
an J»6 emtigen-nagative cell iin^ wer« incubated with 
staM&rsi:. iiioase laoaoclonal antibody t«6x chisseric L6 
antibody derived from th® cell culture !SuperjMt,antSy 
and ehlisi^ic; LS antibody derived from ascites tas pre* 
viously described) foliowed by a second reagent, fluo- 
resce in-lsothioeyanate tFI^O-coajugated goat anti- 
bodies to haniati Cor saouse, for the standard) iausttno^ 
globulin. 

Since the bi Tiding assay showed strong reaotlvity 
of the chimeric M on the L6 antigen positive cell 
lim and total lack of reactiYlty os the negative cell 
Xinei, febe next st©p was to test for the ability of the 
chiT.ertc L6 to inhibit the binding of nsoase L6 to 
ar.tlger, positive cells? such inhibition assays are 
used r^:^•a^^1»1v to e.^tabl th"* ^.centifv cf ""-^o anrl- 
boair-. ro-oc -i\ r . -^-t o- ^rtlv3<?n, T so'^'c d,:' dis- 
cussed Cfvlow (**Xuhibltian of binding"), As p<&xt: of 
these st«dieSf a rough estimate of antibody avidity 
was made, 

Firall^, t^o s?'-.t:>«cr*s =3 r 1 >.x~> : f "jr-^t^c-^ were 

.studied thf> an~-itv "o nif»d~3tf» AO*JC it "15- pr^-siriice 

to kill Tj.6 positive r:u3tsor cells In th.^> pr??<i"c:> u ? 
human serusa as a source of coaipXeJsent (see ''Functional 
assays'* belo^')^ 

B^n di^v i Assay s, Cells from a hu,r^r crlcr cs,rc^ro~ 
.Ta Une^ 3347, which had been previously snowa tc OJf- 
press approximateiy 5 x 10^ molecules of the anti- 



gen at the cell s^irface,- were used as targets. C&lls 
frors th« T cell line HSB2 was used as a nagativ* con- 
trol y since th-sy^ accordiiSg to pravio"as testa ng? do 
not express detectable as-no-ants or the L6 antigea, The 
target, cells were first incabated for 30 min at i^C 
with either the chimeric L<6 or with aousa L6 standard^ 
which had. been purified fro^n iTvOxiee ascites. Th.ls was 
followed; by incufaatioa %<?ith a second, FITC-labelled^ 
reagent, which for the chiraeric antibody was goat- 
ariti-human imraiinoglohalln, obtained fros^ TAGO (Bur- 
ling«;i:e,. C-^),- and used at a dilution of isSO, For the 
mouse standard, it was goat-anti-jaouse itsjaunoglobulinf 
also obtained from TAGO and used at a dilutioa of 
Is SO, Antifcody binaing to the cell surface was dster~ 
miaed using a Coulter Modal BPXC-C c@ll sorter^ 

sbown in Table 4 and Table 411, both the cbi» 
msrlc an^ th® tnousie stan?3ard I«S boursd signif icantljv 
and to atproximately the satne extent, to the 1*6 posi-- 
ti^re 3347 line. Thejr did mt bind above background to 
the m negatixre HSB2 line. 

la view of the fact that the thj?«e different chi- 
meric L6 aamples presented in Table 4 behaved similar- 
1:F i^i the binding assasfs, they were pooled for the 
itjhibitioa studies presented b«low. The saiae inhibi- 
tion studies were perforssed for chimeric L6 deri'^red 
froJTi ascites fluid presented in T&ble Ah* 

J:BAiPj^A93^..Pt^^iMiiBB.' next step was; stud- 

ied the extant to which graded doaes of the chi^tierlc 
1,6 a.atibody, or the standard Tr^oxise L6, could inhibit 
the blading of an FITC-labelled n^o'ase L6 to the sar« 
face of antigen positive 3347 colo,n carcinoma cells. 
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Both the chifseric and Siouse standard L6 inhibit^ed 
^ th-2 binding of the directly labelled L6 antibody, witn 

the binding curves being parallel. The chimeric aritl- 
^- body v^s slightly less effective than the standard, as 

indicatied by the results whicb showeS that 3*4 ug/ml 
or t-he pooXea chisi&ric L6 JSAb^ as compared to a.O 
ug/ial.. 0f^ th^. staiidara monsB LS M&b was needed for 50% 
inhibition of the Undixiq, and that S,S ug/ml of the 
ehxjaeric L6 caerived from ascites) as coxapared to 2.7 
ug/ml of the staBdard mouse L6 MAb was needed tor S0% 
inhibition of binaixig. 

AS part of thsfse studies, a rough estimate was 
mad« of anribody avidity, the avidity of the standard 
mouse had beea previously detersniaed to be approxi- 
mateiy 4 X 10^, T!ie data indicated that th^re were no 
signiflcaat differences is avidity between the chi- 
sierio and the isoase LS. 

Fgnctional Assays. A comparison was made between 
the ability of she ch-iraer^c L6 and standard moase 
to iysa L6 aacigen r:o?ir.iv<=? cells in the presence of 
hufftan peripheral blood loukocytc-s as a gource of '=s£~ 
fectot cells (madlar,lng Antlbocy Dependent C-='llulnr 
Cyuotoxcity, ^kDCC) or human aerum as a source of v;ai^~ 
plement (mediating CorapXemant-Dependent Cytolysis, 
CDC) . 

A3 shown in Table S and Tabl 3s 'SA-SD, jihe chi-r.«ric 
LS was superior to the simultaneously tested sample of 
mouse in causing hOCC, as sieasured foy a 4 hr ^^Cr 
release test. 

rabies 6 atjs3 6A-6B present the data frj,"T; studies 
on cojnplesKent-mediated target ceil lysis. In this 
case^ a high cytolytic activity was observed with both 
the mouse and the chimeric L6 antibodies. 
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The results presented abovs demonstrate a n'aiT?b-?r 
of XTiiportant, vsnexpected cu:ilitids of th<? chinv<jric L6 
s5orso.cibnaI antibody of the Invention. Firstly^ the 
ehisst^ic 1.6 antibody birsds to anticjen po^sitive 

tumor: cells to .approjcijsat^ly tbe s>=3ms extent as tbe 
motts^' L6 st3nds=ard with approxi;nateIy the isa:ne 

a^sriidS: t:^ , This is significant £or tne foilowing 
rea^oTss; the X^S antibody defines, (a 3 a surface carbo- 
hydrate arstlgeajr and (b) a protein antigen of about 
20,000 fialtors, each of which Is characteristic of 
.non~eti^alI ce?<.l lung carcinoma (^JSCLC) ar.d certain 
other hus-an carcinomas, Signif icantlVj, the L6 anti- 
body does not bind deteotably to normal cells s-ach as 
£ibro;;yi33~S; endothelial c^lls* or epitbellal cells in 
the isajor organs* Thas th§ chimeric 1*6 saoaoclonal 
antibody defiiies an antigen that is specific for 
carcinom cells and not normal cells . 

In addition to the ability of the chimeric? 1*6 
monocloBaX antibodies of the p^emnt invention to hind 
sp€scif ically to jsjaiignajst cells and localize tumors, 
the chimerie LS exerts profound biological affects 
apon hlftdisg to its target* which isake th« chimeric 
antihody a prias® candidate for tuiaor ixemu«otharapy» 
The results presented herein demonstrate that chimeric 
hB is capable of biading to tumor c^lls aad upon biM- 
ing kills the tiiraor ceils, either ASCC or CDC, 
Such tumor killing activity was destoastrated using 
concentrations of chiiuerio L6 antibody ' as lov/ as 0,01 

.Although t-he prospect of atte;«pting tu:ncr therapy 
using iuonoclonal ar;tibodie3 is attractive, vith some 
partial txsa\or regressions being reported^ to date such 
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monocloaal antibody therapy has bee a met vith limited 
success CHoughtoa, February Froc. natl, l^cad. 

Scis. 82 J 1242-1246 )♦ 'm© therapeutic efficacy of mous® 
moaociosal antibodies (which are th« ones that has?® 
been tried so far) appears to h® too low for most 
practical p^jrposes, The discowry of the profound 
biological activity ot chimeric m coupled with its 
specificity- fs>r a carcinoma antigen isalces the chimeric 
L6 antibody a choice therape-utic: agent for the treat™ 
.t?!ent of tumors in vi-yo . MoreG\f«r, because of the 
""h-ama.a" properties which -wiXX make the chimeric 
monocioftai antibodies more resistant to clearance iTi_ 
viyo/ the ch-irseric L6 Sionoelonal antibodies will be 
advantageously used not only for therapy with immodi" 
fied ehiineric antibodie.^, buc also ror dev^elopHient of 
various i^iunoconjygate-T with drugs, toxins ? iismsunomo- 
dulators, isotopes, etc as well as for diagnostic 
purposes such as in yivo imaging of tui5\ors using 
appropriately labelled chimeric antibodies. Such 
imfiftunoconjugstipis techniques are known to thossi skill- 
ed in tib« art and can be u«ed to modify the chimeric 
1*6 antibody molecules of the present Inveistidn, 

^EVo illustrative cell lims secreting chimeric M 
antibody were deposited prior to the filing date of 
this application at the hTCCt Bockville Maryland. 
These are transfected hybridosia C253 {corresponds to 
3B3 cells, supra) ^ ATCC SB 9240 and transfected 
hybridossa C256 iCl cells, supra), ATCC HB 9241. 
gxHresaion in Yaast of i^g,,, Chain£ 

©enetic sequence codings for Chi-neric L6 antibody 
heavy and light chains w«re prepared and introduced 
into vectors, Yeast cells ^ere transformed therewith 
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and esspression of separate fceavv and light a.nt.ibody 
chains for LS antibody wsi.s ce tec ted. 

The present invention is not to be Xi.r>ited in 
scope bj the cell iiaes aeposited since the aei?oslted 
eusboaiment is latead^d as a single illustration of one 
^s^paxt of th§ invetitioa and all cell lines which are 
SjxKTtxonalXy equivalent are within the scope of the 
ijmmxtton, IndeetS^ various modifications of the in- 
v^t™ in addition to those sfeo^^n in the art from tbe 
fw&g^txiq description and accompanying drawings. Such 
HKJdifioations are intended to £all within the «cope of 
fclie agpeMed claims. 



Bhidinq assays Of Cbia^ic l£ mtitodf md Jtee Lg 
ifegstiw Cell Liise, 



BiiJ«3ing Ratio For* 



Stans^ra IS S$J 4,2 

Binding Hatio For* 

m m 



* All is^s^^y^ i^ere conducted using ar.tib:xiy cs,>ncentrstlon of 
10 ug/iTii.. The bi-ndirn ratio is the. «.«r^x?r of ti^^s brighter a 
test X^5 tru;.;: .x;:;.;;!! SBitple traatsd vsdth <3s.i4 <FXIC 

cor;iugatad 9oat~aati~::'Cu.u?-3 i or Gf^i {FX=B: ca-. j i:^a.ted coat 
anti-hi^mn) alona. A ratio o£ I Kmns that the te^st saimla is 
jusfc as bright as tha c^ntrolf a ratio of 2 tnearis the test 
saspl« is t»ic« v^s bright as the cjoatrol, etc. 
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BiTidlng Assays Of Chii5»-ric L€ totibody and >foase -^fcr.oclona.I 
Antibody ofi aii LS Kntiqm Posiitive and L6 Antigen H.^atiw Call 



Binf3ii53 Fatio For* 



10 49 4 

$ 40 3 

mmri<sm 3D 2 108 

(Ascites) li> 2 m 

3 1 42 

ChtericfL^ 30 1 lOS 

{Cell Ctalteurel iO 1 86 

3: I 44 

Binding Hatlo For** 

nm-z calls (Lg -} 

m m 

Stax^&lS m I I 

Cteric 1^6 m 1 I 

CMisaric L6 IB 1 1 
{Cell Cultui-e) 



* Ths btn<5iJS3 ratio is the uM>^ of tJta brightsr a test 
sssiigls Is than a control ^Jt^le treated mth (m iTTJX: conju- 
gated goat anti-huitm) alone. A ratio C5« X s^ns that the test 
sajcpXa is ju^t as bright as the control? a ratio o£ 2 Jimns «ie 
test sauple is twice as bright as t^s contxal^ etc- 
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IS 

mi Urn mm. 




* Thf^ target cells had teen labeli'M "-'cr and were a>crx>s«d 

for 4 hDur* to a ca-nbinatioa d; f«.b ax^d huJ^^an mripheral blaod 
isukv-ci^-as (PSD, and tS:K^ rel-3*ase of ^'"Cr -^'as ,Te3sursd subse- 
qsassatly. Trs£ >:^slease o£ (after corrections of for 

sg»ntarisoi3s release froti untreated cells) is a measure cf the 



CoXm Ca3?cix» Cell Lixte 3347, 




Chiis&ric m 2Q ' 100 80 

(Msit^l 100 74 

IQO 71 

100 71 

m 0 0 

mmaxiU m 100 . 84 

{CeUCulto) S iOO 74 

a.S 100 . 67 

m 0 3 

sm^^m m xm 32: 

10 xoo 2^ 

m a 8 



* The target Jad tesn labslied with ^\:r and mm ^sed 

for 4 hours to a ccss&ir^tion of mh axd humijij o-unrlphei-Al bl,0C3d 
X«ukocYt45S (PSD, and the rel^e OK ^^Cr ■i-^xs s^sasmred subse- 
qusntiy. The release of {after corrections of values tor 
spontB.n&o^js release ir<M mtreat^sd oells) is a seasure c£ fcha 
percent csffcoIMs. 



USX of Ostaris ana Btm^d mmm) m mmMm Op 
Colm Ca»c:ir» Call 3347, 




j^tibod/ fm/ml) larq^ Call C^i^^ 



(ascites) 2«5 130 78 

100 85 

0.63 100 81 

0,31 ISO 80 

0,16 100 n 

0,08 100 65 

5 0 Q 



s m 32 



* Th® targat cseXls had: labsllsd with ^^Tr and wera exposed 
for 4 bours to combination o£ and huRaa peripheral blood 
leukscyfces aM the release of ^"-Cr wm ineasured subse- 

qvBntly. ISie relaase ^\:r (after <3:3rjractions <s£ valVJSS for 
spontaneous release fras saatr^J^ cells) is s sseasum of tha 
p^oent qsrtolsxs. 



sac o£ Cbis-s^rie tS 
mm Cv%rclr« Cell X,ii3s 
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* -Ite target cells had beer^ lal^lled ^vlth ^~Cr and vere exposed 
for 4 hot,3rs tx> a cmbination or ^■^b 3:n.d Homrs peripheral bleed 
leukocytes CPS!.), and the release of ^^Cr imasared sybse- 
quenlsXf* .$hai release of ^"^Ct (after corrections of wlues for 
spontaneous rsl^s® feon wtreataa cells) is a j^asure of m 




% 



(Ascites) 1 ISO^ 66 

g.l 100 69 

0>0X 100 M 

0,001 100 8 

0*0081 0 3 

10 Q 0 

StanMLS 10 100 19 

1 ISO 34 

9 0 



* '^te fcairget cells M 1» labellaa with ^^Cr aiid m£& ^S6S«a 
for 4 tes to a cssHsMmtioa of; » ana Hwmn p^i^^ blood 
IsuJsodFfess {M , «nd tfe mlMse of ^^Cr (after oorrsctiofis of 
ml^^s for ^taneous r^^ss froa mtreated «s) is a 



: Q'tobmic effect of cht'^ric and stan- 
dard Cas>i») LS csi cxslcn caxcLnom cells fros Xir^ 3347, as 
smsurai fcsf a ^^Cr-<i:^eleas6s assay, Uwein serssn from a 

haalthy siabject isas used as the sotsrcs o£ cjoatpl^^at. 



LS Standard 10 ug/sd 90 
LS chis^^ic 10 '^/kl Sss 89 

LS Standard 10 qg/xsl Sfe D 



CavoliTii^nt: ;;*;=?>?r,ofer,t Cyccca^^ic ^J-Jfect <£ ChifSBt-ic L6 and 
) L6 Antibodi^ss on Coim Carciacm C«ll Line 334? 



Cc^cer»t,ration 
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release assa^% Human s^risi gros a lieaXthy «iisject tjaea as 



eosspi^nt P^<feJt C^t«mc MSsct ^ CMi^tic %^ and 
1.6 mmmm m mm m^dM call to 334? 
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™iPLS XV5 H-ar^.an~Motise^lmaric AntlboSy with 

IJlte 2H7 i&ome moROCSlonal antibody igaxs^a ^b^' 
racognl^es a taan E-c^Ii surface aar,i<^-sn, Bp3S 

82sl766 {I98S)5. The Bp3S SROiecule plays a role in 
B»eall. actiYaticn, siEJ^I^ was prepared fi'ovx the Td'r 
celX rbae. Two cDUJA librajries ware generated one 
usinq the heavy chain OIG-H primer ^nd c-he other, 
oUgoCdt). One clone, pH2-»ll, was is.-lated upon 
scri^^aing with the same UIG-H oUgooucl^oade. Jo 
isolate the light-chain cloae^ a mouse Ka|5g£-"=^iP®^i^^" 
mh iri^qnont was used to acrsen "hr- oIi?o(dT) library. 
Candlaat.- clones «ere fur-.-er screened with a inouse 
J-,S s-qu«nce6. One V.^ .^lone, pL2"X2, was thus ISDlat- 
• The light cnain UXti-K was then used to engineer a 
rascrlction ensynse site in tb© J ragion. 

The two cDt^k clones were also mcdifiea at the 5' 
end to resnove the artificial oXigo d!C| sequence. la 
pH3~ll chis was carried out by using the restrictioji 
en;svme tjcol which cuts one nuclsotide rasiatie 5' of 
thefts" initiator codoa. In pL2-l2 thl^ was achieved 
by an oligonucleotide ia vi tro niutagenesis using « 
ai-mer containing a Sail site* 

The t>m sequences of thesa tw clones ara shown in 
Figures 21, 22, to construct the oisimeric heavy chain 
plasmid the morula was joined to the husr^an C garam 
i jsodula tpG&SaS) at the BstSII site. ?.r.d tr.e 

chimeric light chain the siodule was joined r.o the 
hus&an Cj^ module (pGML60 5 at the J^^ Hill<i3:il site« Tne 
expression vector sequences were derived irom 



pIHG2Qi2-neo as as pIMG2016-gpt. The constructed 

pi«3m,lds are pIN<32101 (V^C gamma l-neo), pIMG2lQ6 
(Vj^a^-^neo), pimZlQJ (V^C^-gpt). pinoziQl and 

pXSfG2106 w«re also us^d to generate piasmids contain- 
ing both ggaes, ^sfeey are pHL2«lI and pHll^a-as. la 
aadition, pI!3G2106 and plSIG2014 were cosibia^a to a two 
ligbt-ehaia plasmid, pX.3:»2--25, to cosspansate for the 
poorer. <c.o5R^ar«d to h&^-n chain) steady-state acc™- 
iatioa- light chain protein in transfect^d cells. 
{See Fig;> 23) Fig» 24 shows the changes made to the 
triable region sequences diiring the ooasttuction, 
The plasmxd, pHLa-Il, was linearised by MtIX^ 
the Dm was used to traasfect Sp2/S cells by electro- 
poratlon, Transformants were selected in ms-DMSH. 
one traasfonrsant, XC§, produces 9.3 ng/ml chimeric 
kagpa and 33-72 ng/n;! chimeric ga^wa i protein as 
assayed by elisa. Southern aa^lvsis of 1C§ Dm shoved 
that thera is one copy of the pXasstid integrated In 
mm genosse. 
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WHA-f IS SBif AMD OTTOD W BB C0«1P ST I^^fTSRS 

FM?ENOt? OF Tm mxTm Mkms is? 

a* % poljntjciaotiiae siolecuie comprising a. cDNA 
se<3Beace coding for the triable region of a ivon-huBian 

TOSBa^nr?^' codias9 for the entire variable region of aii 

3 . the jgolecaie o£ pf claims^ 1 par 2 wh^reijs 
said chain is a heavj^ clsain, 

4. 5^he m&imxsX^ o£ any of claims 1 or 2 wli^rein 
said cijaia if a light chain. 

The Rjolecule of any o£ clairns 1 or 2 which 
farfchsr com|)rlses an additional sequence coding tor 
tm oanstant ragiojs of a hmmn immQqlobuUn chain, 
both said aeqia^nces ia operate Ixhkage v#ith each 
other. 

6, » ffioiecule of claim 5 w&ereia said addi- 
tionai sequence is a cDM sequence, 

7, The 3>:iolecule of claim S vherain saia addi- 
tional sequence is a genomic sequence « 

8* The taolec-ale os claXJc 5 '^fharein sain non- 
human is rodent. 



9, 'm& molecnlB of any pg claims 1 or 2 which is 

!l*h.e sioiecuXe of dlaim 9 which is m mm®^- 

It. The mslBrn^ of caaiis 11 wh^r^in B^ld smim^ 
is a plasmid. 

13, A prpkaryotic host traKsfot-nied with the mol©- 
cule of claim 5* 

14:. TSe host of claim 13; which is a hacteriiM. 

15, A eukaryatic hdst transf^c« Vith th®: inole-. 
cule of claim 5, 

IB. ThB host o£ eiaim 15 wbich is yeast ox a masi- 
sR^lian C011, 

17* A heavy isurtunoglobulin chain con^prising a 
constant huxnan regiors and a variable non-h -irriaa r-»glor. , 

IS, A light xmunoglobulift chain coisprising a 
constant hua^aa region and a variable non-h«msn region, 

19, A chitseric antibody isolecule comprising two 
light chains and two heavy chains, each o£ said chains 
comprising a constant human region and a variable non~ 
htasan region. 
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2D, Tb.e mcieculs of clalsfi 19 whe-r-sin both ssid 
bea^^'' chains bave the saiae binding specificity in 
their variable region, 

21, The fsolecule of claim IS whsrein each of s«id 
heav:g^ chains has a different binding specificity in 
its v:ariabl© region ^ 

22, ?in antibody saolecula coiaprislng ix) two chi- 
meric heavy chains having the s&ma binding specifi- 
city in their variable regions, Cii) two all^buman 
or all nm-^hiMmn light chains bax?iag tbe same binding 
specificity in tbeir variable regions as that of the 
variable regions of the ehiiserlc; hea^ cbaiss. 

23, As antihods' moleeuls cosiprising ti) two chi- 
meric hea-s^y chains ha:^ing the same binding specifi- 
city in their variable regions^ and Cii) two ali-hiaman 
or nos'-hijjaaii ligbt chains having different birsding 
specificities in tbeir variable regions, wherein the 
binding specificity cf the variable region of on© of 
said 3.ight chains is the sasse as the binding spec if i- 
city of the variable region of said chimeric heavy 
chains , 

24x A ptoces-« of pr»n.=3ring an i.xn\unc<j?l.-j:>ulin 
heavy chain, having a con:5~ant h'j-tsan r^^icn: a vivrl- 
able non-huraan region •s^shich cosrspri-^e&j 

c\il''urlng a host capable of expressing saiO 
chain unner Cvir ing conditiorjs anl 

reccivaring from said culture saiii heavy 

chain. 



25. * process of preparing a.a Ijsmtsao^lo&ulia 
liqm chain hatrisg a constant region aai a -vfari-" 
able noo-fexsisan region which eomgrisess 

caifetiring a host caj^abl« of expr^s^inf sai<S 
chain sma^r capturing conditions? and 

r«^cov®3fing froKf saM opXtura mid XXfht 

26. ,m process of preparing a ohimario issmunoglob"* 
ulin contaiaiag a heavy chain and a light chain, «ach 
of said heavy and light chains having a constant human 
region and a -srariabi© non-hi^maa ^region, which com- 
prises s 

culturing a host capable of expressing said 
heavy' chain, or said light chain ^ or both, under cul~ 
* taring conditions? and 

recovfring from sai4 culture said chimeric 
i iTOunoglo bull n mol ecul e . 

27. the process of any of claims 24V 21 or M 
: where in said host is prokarYotic, 

28. the process of ahy of claii-as 24, 25 or 26 
wherein said host is evikaryotic, 

29. polfnacleotlde molecale compriaing a con- 
sensus sequesice for the J region of a heavy ehain Ib- 

30. the siolecaile of elaim 2$ wherein sai4 se- 
quence is for a htMan heat?y chain J regloh. 
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31. The molecule of claim 29 wharsin said se- 
qaence is for a raouse fe«a¥y chain J region, 

32. h polynuclec^.:.d^^ i-^olsc-ile consprising a con- 
sensus sequence for the J region of a light chain 
mupagiisteiXla moXec«le. 

3a3.> The molecule of claiir. 32 wherein said se- 
queftcsi iis5 fror a hanjan Kappa J regiox^. 

34, The molecule of claiitj 32 wherein said 
sequence is for a imvme Kappa 0 tmgion, 

35, the molecisl^ of claim 32 wherein said se-* 
qxx&ttc^ ;£ox a tos^ Lambaa J region, 

36, h process of switching the class of an aati"^ 
J:>Qd3r chain isolectale £j?om a first olas^s to a second 
class which coimprisess 

obtaining a oDm sequence coding for the 
■srariabl^! region of said chain? 

operabiy linking said cmA aetjnenee to a 
genetic sequence coding for the cotistant region of an 
antibody chain having the characteristics of said 
eacond class? 

transforming with said linked sequence a host 
capable of expressing saia sequences? 

cultnrlng said host under cult'uring condi- 
tions j and 

recovering from said culture said heavy chain 
having the characteristics of said second class. 



^B5- 

37, The process of claim 34 wherein mm first 
class Is XgM ana said second class is Xga. 

31. process of claim 3g wherein s«ia disaia is 

a liea^y chain.. 

39,. l^tftamBB of claim 36 wfeetein saia cisaln is 
a-lxght-ctein^., 

49. A stethoci of praparing a geaetls seqisence cod- 
lug for a chi!8@ric ijsmuaoglobnlia; chaifi ha'sring a eon- 
sfcant hisjsan region and a ^ariafeXa non-human region of 
any desire<i S|!.ecif icity^ which comprisia$? 

(a? providing mmh ooaing for said variabla 
region tros^. a cell secreting monoclonal anti- 
Vo-U-vS isaic desired specificity? 
Cb) prijrdiKj the formation, by reverse transcrip- 
tion using said mmh as a tsiaplate? of cDNk 
derived therefrom, with a polynucleotide 
inolecule comprising a consensus genetic 
seqaeace for the J regic-n of. said irDrsunoglob- 
ulin chain? 

(c) providing a genetic sequence co.:lina for said 

htsiT.an constant region? and 
id) cperafoXy linking said cDNA sequence of st^ep 

ib) to said sequence of step tc) . 

41. The juethod of clsiai 40 wherein step ca) coxa- 
prisss operably linking saiS aWSA saguenoe to saia 
seqaenos of step Co? in an expression vehicle. 



42, O-'he m«tisoa of claim 41 wMreia saia vehiel^ 

is a pi asm! d, 

4:^. The nieshod of claim 42 which further coisj- 
prlsess trans£or:nin-ii said plasmiS into a host capable 

4^4. Tfia method of any of claims 40-43 whereia 
chaia is a h^a^y chain, 

45* Th® m^thdd of any of claima ^O'-O wherein 
said chais is a light cisain. 

46. ih^ mthod of claisi 40 wberein said consenaus 
getsetic se<jue»cfe is sslectsd from titm groisp consisting 
of s 



Ci) 


htiisan bsavy chain J region? 


Ui) 


sious^®; heavy cfeais J region? 


CiiiJ 


htuaan Kappa J region ? 


iiv) 


mousa K&ppa J region? md 


iv) 


iRouse Latsbda J region* 


47. The 


stisthod of claim 40 wherein a 



genetic seqaence is selected ex-OKi the group consisting 
of these denoted as MJHl, mB2 , mE3, HJHa-SSTEIIr 
MJH-«BS'rsn:(13), MJH4. 5JK1, SJK2, CfK2BaXII, 5JK4, 
JK4B<3.1II^ 5JK5 and MJS in B-igure 7. 

-IB- The suethod of ciaiir. 40 wherein said consensus 
sequence furuhor coisprlaes the j^eqiience codin^? for tne 
recognition site of a res^triction. endonuclease enzyrae. 



49. cDNA «xpr©ssion vectors which bavs restric- 
tion endonxiclm^ site maps subs t&rjti ally similar to 
the vectors ptHG20S3 and plMG2003E in Figure 10 ^ use- 
ful for th^ esspressior. of cDISJS^ in snajsanalian ceils, 

50. The i55et;hod of claia^ 40 whereia said consensus 
genetic sequence is selected from the group corssistiftg 
eg those d^aotea as DICSH^ mQK, and MJ^2-ApaX in 
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leu phe lexi Xe\s s«x v&l tjhsr t&r gly vai hist s«r fls ala tyr 
C?C -rrc Ct^C C?G TCA CTA ACT ACft CSt CTC C^C TCC O^Q QCt tM 







IS 




lis 


CTS 


val arc? Fr^> g^y sla ser 
GTG AGG CCr QUa GCC TCA 




is 








ssr 

TCT 


IS 




thsr 


ptis thr ser tysr &sn 5s)«t 
TTT ACC tAC AAT AXG 










r 




?g 






ssltj trc> il& qly IXa 
GAA TGG ?kTT GSA ^CT 




|>rs> 
CCA 


m 


SI 


thr 


TCC 




A^T 


IS 




thr 
?kCA 


CTC- 


thr 
ACT 








ASC 


thr 


ali 
occ 


tyr met gin leis sex ser 
TA^ %TQ CAG CTC A<SC A6C 


ley 
CTG 


thj: 
AC A 




TCT 


sec 


val 
«5TC 


tyr 


phs 

TIC 


cys 


als arg: ^ai v«.l *yr tyr 
SCA AGA OTO 'TAC TAT 




a.BTi 


<5er 



lea srla 



^\AT GGT 



tyr pti§ asp val ttp §iy thr gly thx thr val thr vsl ser 
TAC TTC GTC TGG GGC ACA SSG ACC ACS SfC ACC GTC TC<330 



mmt mp phe gla val ile ssh® ser oh« Ie« leu 
C^jCCCMA^TTCaMSACMAAIJG <SJ^^ TTT C3Ui SXG Oi-G ATX 1?TC ASC TOC CTC CTA 

^ ^ i mr 

ii« ««« aia sex val iX® lie sis srg gly glss il« irsl 1«« sey ^Is s«r 

MC MT miT G^c &m ATI? a^sA sssa csa ats «to ctc mc TCf 
pttif «X» ii« s«s? «i« ««r pro gly gla iys val tisF sfiet tfer cys ar« 

CEA eOi ^tC C?ES "S^T SCA TCT CCA «GG SAG AAG G^T ACA AT« ACT TGC mG 

«i& ;«ier s«r mx val s«k tyr jg«t bis trp tyr gXix gl« lys isro gly ser 
<SCC AGC tCA AST CTA &«"3? TAC ChC TCS mC^CAO CAS AA« CCA GGA TCC 

»er pro lys g>ro trp ils t^r^atU »re s«r «sr Xm al/tir^gX^ val »S0 
sec CCC ^ CCC S<36 AW TAT QCC CCA TCC AAC CTG CCT TCT GGA Sl-C CCT 

sla srg phs ser cly s«r <?Iy sejr gly thr s«r tyr s^r lau thr ile 
GCT CGC TTC GGC ACT COG TCr CGG ACC TCT TAC TC? CTC ACA ATC AGC 

airg vsl <iiu sl« glu asp sl« ala thr tyr -cyr cfi ^xrl^^'cjln tro sir nh^ 
h&A GTG G;%G GCT GM GAT GCX QCC ACT TAT tAC TGC CA3 CAG TGG Aat TfT 

ii? il^ iiWB ill sii ilSis^i^?^ 
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